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Abstract 
Over the past two decades snorkelling or diving with manta rays has become a highly sought after 
experience for tourists worldwide. The Coral Bay manta ray interaction industry has experienced 
significant growth since its inception in the early 1990s, and concerns have been raised in recent 
years regarding disturbance to the manta ray population, and behavioural changes due to tourist 
interactions. This study was a preliminary assessment of the effect of tourism interactions on 
Manta alfredi behaviour in Coral Bay, Western Australia. In order to identify behavioural 
responses or changes, the natural behaviours exhibited by manta rays in the waters of Coral Bay 
were identified and described, and in doing so this study was the first to describe in detail four 
distinct foraging behaviours that are yet to be explained in the published literature. 
A total of 91 manta ray interactions were observed over a four month period to determine the 
frequency, form and influencing factors of short-term behavioural responses to three separate 
elements of the tourist interactions: the interaction with the swim group, the tour vessel and the 
attempt at capturing an identification photo. Behavioural responses were exhibited by manta 
rays during 34.1 % of interactions with swim groups (n = 91), 15.5 % of interactions with tour 
vessels (n = 98), and 48.1 % of manta rays exhibited a response to photo identification attempts 
(n = 77). Several factors were found to influence the occurrence of a behavioural response 
including the initial behavioural state and age class of the manta ray, the amount of surface 
splash, the approach strategy of the tour operator or photographer, the duration of the 
interaction and whether or not it was the manta ray’s first interaction that day. Forms of 
behavioural responses ranged from immediate avoidance responses to changes in behavioural 
state, including the termination of feeding behaviours and departure from cleaning stations. Such 
responses have the potential to lead to biologically significant impacts on the population, 
including declines in abundance and habitat displacement. Further study is necessary to confirm 
these links; however as the manta ray tourism industry continues to expand, precautionary 
management intervention is recommended.  
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Responses to a tourist survey indicated high levels of visitor experience and education. A 
heightened perception of crowding with increasing group numbers was reported, however tourist 
perception of disturbance to manta rays during interactions was low. Analysis of general habitat 
usage identified Bateman Bay as a critical habitat for feeding, cleaning and courtship behaviour, 
and found that tourist interactions take place in these same critical habitat areas. Sighting 
demographics indicated that the majority of interactions were with resident female manta rays, 
further emphasising the need for management; these females are not only subjected to 
interactions throughout the entire year, they also are more dependent on critical habitat areas, 
and may be important breeding individuals within the population.  
The tour operators observed in this study voluntarily adhered to the Code of Conduct for Manta 
Ray Interactions designed to minimise disturbance to the manta ray population. These results 
therefore represent the level of short-term responses induced by compliant operators. The 
efficiency of the code of conduct in minimising disturbance to manta rays remains unknown, 
since the long-term implications of short-term behavioural changes are yet to be determined, as 
are the compliance levels of operators not observed in this study. Given this uncertainty, it is 
recommended that all operators be required to adopt a mandatory code of conduct to ensure 
consistency across the industry that can be monitored accordingly. On-going assessment of 
behavioural responses along with operator compliance, and monitoring of the manta ray 
population is also recommended.  
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1.0 Introduction 
The marine wildlife tourism sector currently has one of the highest growth rates in the tourism 
industry (Green and Higginbottom, 2000; Cater and Cater, 2007), generating over US$165 billion 
annually worldwide (Anonymous, 2000; Corcoran et al., 2013). In recent years tourists have 
shown an increasing desire to observe and interact with free-ranging marine animals (including 
endangered and threatened species) in their natural environment (Birtles et al., 2001; Tremblay, 
2001; Cater, 2003; Scarpaci et al., 2003). Furthermore, the majority of participants seem no 
longer satisfied with simply passively observing animals from a distance; tourism operators are 
experiencing an increasing demand for closer, and more personal interactions such as swimming 
with, feeding and sometimes touching wild animals (Spradlin et al., 2001). Associated with this 
rising popularity is an increasing concern for the amount of pressure placed on the various 
species that are targeted by marine tourism industries, hereafter referred to as ‘focal species’ 
(Duffus and Dearden, 1993; Bejder et al., 1999; Orams, 1999; Green and Higginbottom, 2000). If 
planned and managed carefully, wildlife tourism has the potential to increase the visitors’ 
awareness and knowledge of the focal species and their environment, as well as positively 
influence their conservation attitudes and behaviour (Ballantyne and Packer, 2005; Ballantyne et 
al., 2009). However, with the absence of suitable management, wildlife tourism attractions can 
evolve over time to the detriment of the focal species as well as visitor experience (Duffus and 
Dearden, 1990; Higham, 1998; Garrod and Fennell, 2004). Managers currently face the challenge 
of balancing impact levels and the protection of wildlife and their related ecosystems, with tourist 
satisfaction to provide successful, yet sustainable tourism activities (Duffus and Dearden, 1990; 
Sorice et al., 2003; Sorice et al., 2006; Mau, 2008; Semeniuk et al., 2010). 
1.1 Impacts of marine wildlife tourism 
The potential impacts of wildlife tourism on focal species of marine megafauna have been widely 
investigated across the globe (see for instance Corkeron, 1995; Williams et al., 2002; King and 
Heinen, 2004; Samuels and Bejder, 2004; Bejder et al., 2006b; Quiros, 2007; Pierce et al., 2010; 
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Smith et al., 2010; Stamation et al., 2010; Barker et al., 2011; Vermeulen et al., 2012; Kessler et 
al., 2013). Previous studies have reported behavioural responses to tour vessels and swimmers by 
a range of cetacean species. These responses include forms of horizontal and vertical avoidance 
such as velocity and directional changes (Barr and Slooten, 1999; Au and Green, 2000; Williams et 
al., 2002; Scheidat et al., 2004; Lundquist et al., 2008b; Stamation et al., 2010), orientation away 
from vessels and swimmers (Constantine, 2001; Lusseau, 2004; Stensland and Berggren, 2007), 
increased dive duration (Janik and Thompson, 1996; Nowacek et al., 2001; Lusseau, 2003b; 2006; 
Richter et al., 2006) and erratic movement patterns (Bejder et al., 2006a; Lusseau, 2006). Such 
behaviours have been likened to predator avoidance strategies (Nowacek et al., 2001; Williams et 
al., 2002). Alterations of the behavioural state of pods or individuals upon the approach of tour 
vessels have also been reported, with a disruption of resting, feeding or socialising behaviours 
and a subsequent increase in travelling commonly observed (Lusseau, 2003a; 2004; Stensland and 
Berggren, 2007; Lundquist et al., 2008a; Lusseau et al., 2009; Christiansen et al., 2010; Vermeulen 
et al., 2012). Other observed responses include changes in behavioural suites and displays of 
agonistic or defensive behaviours (Corkeron, 1995; Birtles et al., 2002b), disruption of mating 
groups (Lundquist et al., 2008b), and increased group cohesion in pods (Blane and Jaakson, 1994; 
Bejder et al., 1999; Nowacek et al., 2001). In some instances short term disturbances have been 
linked to biologically significant impacts on focal populations, such as long-term habitat 
displacement from areas of high tourism pressure and boat traffic (Lusseau, 2004; Lusseau, 2005; 
Bejder et al., 2006b), and a substantial decrease in energy intake due to disturbance of foraging 
behaviours (Williams et al., 2006). 
In terms of tourism focussing on elasmobranchs, avoidance behaviours have been described 
during swim-with whale shark (Rhincodon typus) interactions in the Ningaloo Marine Park. 
Swimmer and vessel proximity, diving close to the shark’s head, touching of the caudal fin and the 
use of SCUBA were found to provoke behavioural responses such as banking, diving, increased 
swim speed and fleeing (Norman, 1999).  A more recent study conducted in the Philippines found 
that swimmers touching, diving down, obstructing the path of the shark and using flash 
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photography caused avoidance responses including diving, changes in direction and whole-body 
shudders (Quiros, 2007).  In Mozambique a link was found between avoidance responses and the 
distance from the shark at which swimmers entered the water from the tour boat. Avoidance 
behaviours were observed during a third of all encounters, and the probability of these occurring 
increased with increasing proximity to the shark. Incidence of avoidance behaviour was also 
related to shorter encounter times, suggesting a heightened stress response in previously 
disturbed sharks (Pierce et al., 2010). Declines in whale shark sightings have recently been 
reported from several locations around the world, including Western Australia where abundance 
declined by 40% between 1995 and 2004, with a corresponding drop in tourist interactions from 
2.6 to 1.2 encounters per trip during the same time period  (Mau and Wilson, 2007; Bradshaw et 
al., 2008). Anecdotal evidence has also linked increased tourist visitation to decreases in shark 
sightings in Belize (Graham, 2004).  
Studies which observed SCUBA interactions with non-provisioned grey nurse sharks (Carcharius 
taurus) found a decrease in milling behaviour in the presence of more than six divers, possibly 
indicating that sharks were being more active during periods when they would otherwise be 
resting, therefore expending extra energy that could be necessary for essential feeding and 
breeding behaviours (Smith et al., 2010). Specific agnostic behaviours were also associated with 
the presence of six or more divers, and a strong link was observed between agnostic behaviours 
and diver proximity, with all incidences occurring when divers were within 2 m of the shark (Smith 
et al., 2010). Conversely, Barker et al. (2011) found that the number of divers present did not 
have any significant effect on C. taurus abundance, yet further confirmed that diver proximity 
affected the behaviour of the shark. Shark distribution changed significantly when divers were at 
a distance of 3 m, but remained unchanged when divers were 6 m away. An increase in swimming 
speed and change of ventilation mechanism was also observed when larger groups (12 divers) 
were within 3 m from the sharks (Barker et al., 2011).  
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It is evident from the current literature that each focal species, and perhaps population, is unique 
in its responses to tourism activities. It is therefore important that, in terms of management 
decisions, they are treated so. Ideally, each population should be individually assessed and 
monitored, in order for managers to take the appropriate measures to ensure minimal impact 
and sustainability (Hammerschlag et al., 2012). 
1.2 Ningaloo Marine Park  
The Ningaloo Reef is one of the world’s largest fringing reefs, stretching 260 km along the coast of 
the Cape-Range Peninsula in North-Western Australia, approximately 1,200 km north of Perth 
(Fig. 1.1). It is the only extensive coral reef system situated on the west coast of a continent, and 
as a result of its geographic isolation, combined with very little runoff and low levels of coastal 
development, is considered to be relatively pristine by global standards (Taylor and Pearce, 1999; 
Commonwealth of Australia, 2002; Cassata and Collins, 2008). The reef forms a discontinuous 
barrier partially enclosing a generally shallow lagoon, which ranges in width between 0.2 km and 
7 km, with an average distance of 2.5 km. Regular gaps interrupt the main reef, facilitating water 
exchange between lagoonal waters and the open ocean (Spalding et al., 2001; CALM and MPRA, 
2005). Two major oceanic currents affect the Ningaloo region; the anomalous Leeuwin current 
(the only poleward-flowing eastern boundary current) which carries warm, low salinity tropical 
water southward along the West Australian coast (Woo et al., 2006b; Waite et al., 2007), and the 
northward flowing Ningaloo current, a wind-driven counter current which is situated further 
inshore than the Leeuwin current, and carries cooler water northwards in the summer and 
autumn months (Taylor and Pearce, 1999; Woo et al., 2006a). Due to the presence of these 
opposing currents, Ningaloo experiences a unique overlap zone of tropical and temperate species 
which, combined with the range of existing marine habitats, results in a high diversity of marine 
organisms, with over 217 species of coral and 500 species of fish inhabiting the reef (CALM and 
MPRA, 2005; Cassata and Collins, 2008; Heyward et al., 2010). The Ningaloo Marine Park (NMP) is 
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also host to a range of resident and migratory megafauna; including dolphins, whales, sharks, 
dugongs, manta rays, and marine turtles (Preen et al., 1997; Sleeman et al., 2007).  
The NMP encompasses a total area of 5070 km2 (state and Commonwealth waters), the reserve 
stretches approximately 300 km along the coast and encompasses the entirety of the Ningaloo 
Reef system (Fig. 1.1). The Marine Park, which was declared a UNESCO world-heritage site in 2011 
(UNESCO World Heritage Centre, 2011), is separated into sanctuary, recreation, general use and 
special purpose zones and is managed by the Department of Parks and Wildlife (DPaW) (formerly 
the Department of Environment and Conservation (DEC)), with the Department of Fisheries (DoF) 
responsible for the management of fisheries resources (CALM and MPRA, 2005). The unique, 
unspoiled and easily accessible natural environment that the Marine Park offers, along with the 
high biodiversity of marine life that it supports, makes NMP an ideal location for nature-based 
tourism activities, attracting over 300,000 visitors to the region each year (CALM and MPRA, 
2005; Australian Geographic, 2009; Smallwood et al., 2011). 
The occurrence of seasonal aggregations of whale sharks in the marine park has enabled the 
development of a popular and lucrative tourism industry focussed around swim-with interactions 
with the sharks (Mau, 2008; Catlin and Jones, 2010), with approximately 17,500 visitors attracted 
to Ningaloo in 2011 to participate in this iconic wildlife tourism activity (Catlin et al., 2012; DEC, 
2012). Whale shark interactions began in 1989, and with increasing popularity the need for 
regulation became apparent; operators were issued with whale shark licences in 1993, and 
subsequently the Code of Conduct for Whale Shark Interaction was implemented in 1995 
(DEWHA, 2009); a regulatory code of conduct designed to minimise negative impacts on the 
sharks and ensure safe interactions for tourists (Colman, 1997; Catlin and Jones, 2010; Catlin et 
al., 2010). 
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Figure 1.1: Map of Ningaloo Marine Park, showing its location in north-western Australia. Source: 
Smallwood et al. (2011). 
 
A variety of tours are conducted within the NMP, with the majority developed around viewing the 
marine environment and especially the iconic megafauna found in the region. As tourism 
activities evolved in Coral Bay, one particular species was found to be amenable to swim-with 
interactions, namely the manta ray (Manta alfredi). Manta rays inhabit the waters near Coral Bay 
year-round, providing the advantage of a tourism activity that can be offered outside of the whale 
shark season, and since its inception in the early 1990s the industry has experienced rapid 
growth. It is therefore imperative that an understanding of the manta ray interaction industry 
that operates within the NMP is as well understood, managed and protected as the whale shark 
tourism industry. 
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1.3 Manta rays 
Manta rays are pelagic, filter feeding elasmobranch fishes which are classified into the family 
Mobulidae, commonly known as “devil rays” (Last and Stevens, 2009). The genus Manta  
(Bancroft, 1828) consists of two species; Manta birostris (Walbaum, 1792), a larger, oceanic 
dwelling species, which migrates longer distances and is found in cooler waters, and Manta 
alfredi (Krefft, 1868), a species typically found in high-productivity coastal areas (within a few 
kilometres of shore) and associated with coral and rocky reef habitats, bays, atolls and islands 
(Marshall et al., 2009). Prior to 2009 the genus was thought to be monospecific, with all previous 
data collected on M. alfredi attributed to M. birostris before the two separate species were 
identified (see Marshall et al., 2009). Manta rays are the largest of the batoid fishes, with M. 
birostris reaching a maximum disc width of over 7 m, and M. alfredi  approximately 5.5 m (Last 
and Stevens, 2009; Marshall et al., 2009). Each individual manta ray has a unique skin 
pigmentation pattern on their ventral surface which is present at birth (Marshall et al., 2008) and 
remains unchanged throughout their lifespan; these markings can be used to identify and 
differentiate between specific individuals and track their movements through the use of photo 
identification (photo ID) studies (Homma et al., 1999; Clark, 2001; Kitchen-Wheeler, 2010). 
Both species of manta ray have a worldwide distribution, inhabiting tropical and sub-tropical 
regions, with M. birostris also found in temperate waters (Last and Stevens, 2009; Marshall et al., 
2009). The size and structure of manta ray populations have been studied in a number of 
locations across the globe, including Mozambique (Marshall et al., 2011b), Hawaii (Clark, 2010; 
Deakos et al., 2011), the Maldives (Kitchen-Wheeler et al., 2012), eastern Australia (Couturier et 
al., 2011), Japan (Homma et al., 1999; Kashiwagi et al., 2008), Micronesia (Homma et al., 1999), 
French Polynesia (de Rosemont, 2008), and Western Australia (McGregor et al., 2008).  
1.3.1 Brain and sensory organs 
Manta rays possess the highest brain to body mass ratio of any fish (Ari, 2011), and similar to 
other elasmobranchs, they are believed to have a very good sense of olfaction and a well-
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developed visual system (Bleckmann and Hofmann, 1999; Hart et al., 2006; Lisney et al., 2012). 
Their eyes are positioned laterally on either side of the head, behind the cephalic fins (Fig. 1.2), 
allowing mantas to clearly see downward and in front, but most likely impairing their ability to 
see upward and behind their body (Deakos, 2010; Marshall and Bennett, 2010a). Elasmobranchs 
in general are electro-receptive, possess acute hearing and a lateral line system which is used to 
detect movement and vibration in the surrounding water; although at present nothing is known 
about the hearing sensitivity, lateral line system, or electro-sensitivity of manta rays (Deakos, 
2010). 
 
Figure 1.2: Photograph of M. alfredi with arrow indicating the lateral positioning of the eye 
behind the cephalic fin.  
1.3.2 Reproductive ecology 
Manta rays are ovoviviparous, giving birth to live young which hatch from an egg inside the 
mother. Gestation lasts for approximately one year and females typically give birth to a single 
pup, although occasional reports of pregnant females carrying more than one offspring exist 
(Beebe and Tee-Van, 1941; Notarbartolo-di-Sciara, 1988; Homma et al., 1999; Marshall and 
Bennett, 2010b). Newborns are not known to receive parental care from their mothers, who are 
capable of mating and carrying young in consecutive years, but are generally observed pregnant 
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every two to three years (Marshall and Bennett, 2010b). The birth of a wild manta ray is yet to be 
observed, and only two captive births have been observed by a single female in the Charaumi 
aquarium, Japan (Deakos, 2010; Marshall and Bennett, 2010b). Age-at-maturity and longevity 
remain unclear for both Manta species; however photo-identification records have shown site 
fidelity of a M. alfredi individual for a period of 31 years (Clark, 2010), indicating a lifespan 
upwards of this.  
1.3.3 Threats 
Adult manta rays have very few natural predators, although larger sharks such as tiger sharks 
Galeocerdo cuvier, and bull sharks Carcharhinus leucas (Ebert, 2003), as well as killer whales 
Orcinus orca (Visser and Bonoccorso, 2003) have been reported to prey on manta rays. Non-fatal 
injuries inflicted by shark bites are also frequently observed on individuals (Homma et al., 1999; 
McGregor et al., 2008; Marshall and Bennett, 2010a). The current major threat to manta 
populations is anthropogenic: both species are captured in fisheries around the world either 
incidentally as bycatch, or in targeted fisheries that operate in countries such as Indonesia, the 
Philippines, Mozambique, Brazil, India, Pakistan and Sri Lanka (Dewar, 2002; White et al., 2006; 
Camhi et al., 2009; Mohanraj et al., 2009; Couturier et al., 2012). Demand for mantas (and other 
mobulid rays) has recently increased exponentially due to the demand for the gill-rakers which 
are highly prized in Asian markets for use in traditional Chinese medicine and cancer treatments 
(Shen et al., 2001; Dewar, 2002; White et al., 2006; Rajapackiam et al., 2007). Cartilage from the 
pectoral fins are also used as filler in shark fin soup (Alava et al., 2002). Manta rays, like the 
majority of elasmobranchs, are considered highly unsustainable as a fishery resource because of 
their conservative life history; i.e. long lifespan, low fecundity and late maturation. Not only are 
mantas considered overly susceptible to exploitation, they also have a reduced ability to recover 
population numbers once depleted (Dulvy et al., 2008; Camhi et al., 2009; Deakos et al., 2011), 
and it has been predicted they are unlikely to survive or sustain long term pressure from 
commercial fisheries (Stevens, 2011). Accordingly, both M. birostris and M. alfredi are currently 
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classified as “vulnerable” on the IUCN Red List of Threatened Species (Marshall et al., 2011a; 
Marshall et al., 2011c), and are protected under Appendix II of the Convention on International 
Trade in Endangered Species (CITES).  
1.3.4 Movement patterns and aggregations 
Fine scale movement patterns of manta rays are driven by prey availability and proximity to 
cleaning stations (Dewar et al., 2008; Luiz et al., 2008; Clark, 2010; Anderson et al., 2011; Jaine et 
al., 2012). Manta rays tend to utilise home ranges (although it is thought that the home ranges of 
M. alfredi are much smaller than those of M. birostris), as well as show preference to certain 
cleaning stations, reefs and feeding sites (Freedman and Roy, 2012). Acoustic telemetry and 
photo ID studies have revealed that M. alfredi individuals can travel up to 70 km in a single day, 
and undertake seasonal migrations of up to 500 km (van Duinkerken, 2010; Anderson et al., 2011; 
Couturier et al., 2011). In Australian coastal waters M. alfredi is the more commonly sighted of 
the two species, with known aggregations occurring at locations along both the Indian Ocean and 
Pacific coasts (McGregor et al., 2008; Couturier et al., 2011). Occasional sightings of M. birostris 
have also been reported in certain localities around the country, including the waters of Ningaloo; 
however due to their migratory nature and tendency to inhabit more pelagic environments, they 
are not considered as common as their inshore counterpart.  
Large feeding aggregations of manta rays have been reported in various locations around the 
world, with numbers reaching upwards of one hundred individuals (Couturier et al., 2012). These 
aggregations appear to be seasonal and related to food availability, with mantas taking advantage 
of rich food sources which are a result of high productivity events such as mass coral spawning or 
upwellings (Luiz et al., 2008; Anderson et al., 2011; Couturier et al., 2011; Marshall et al., 2011b). 
Manta rays are also known to aggregate at cleaning stations (Dewar et al., 2008; Deakos et al., 
2011; Marshall et al., 2011b) – specific areas or sections of reef inhabited by cleaner fish which 
remove ectoparasites from the body surface of visiting marine animals, and clean wounds and 
infections (Losey, 1972). In addition to these aggregations, photo ID studies have found that both 
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species of manta ray exhibit site affinity or fidelity, with individuals repeatedly returning to a 
preferred feeding or cleaning site at varying levels of frequency over extended periods of time 
(Dewar et al., 2008; McGregor et al., 2008; Couturier et al., 2011; Deakos et al., 2011; Marshall et 
al., 2011b; Graham et al., 2012). 
1.4 Manta ray behaviour 
At present, very little is known about manta ray behaviour, and studies focussing specifically on 
the behaviour of manta rays are lacking in the current literature. Courtship and mating behaviour 
have been accurately described (see for example Marshall and Bennett, 2010b), as well as the 
behaviour exhibited by manta rays during cleaning station visits (see for example O'Shea et al., 
2010), however descriptions of feeding behaviours remain anecdotal, and are yet to appear in the 
published literature, with the exception of a recent paper describing cooperative feeding 
behaviour in the Red Sea (Gadig and Neto, 2013). 
1.4.1 Courtship and mating behaviour 
The courtship and mating behaviour of M. birostris was first documented in 1999, based on 
opportunistic events witnessed at the Ogasawara Islands, Japan (Yano et al., 1999). A more recent 
study described the courtship and mating behaviours of M. alfredi in detail (Marshall and 
Bennett, 2010b). Courtship behaviour occurs in the form of a ‘mating chain’, wherein one female 
can be followed for up to approximately 10 days at a time by one or many male suitors (Marshall 
and Bennett, 2010b; Deakos, 2012; F. McGregor, pers. comm.). Typical behaviours observed 
during a mating chain include chasing and close pursuit of the female at increased swimming 
speeds, as well as courtship displays including swooping, veering, somersaulting and looping 
behaviours; all of which take place with the males following the female’s lead and performing 
manoeuvres one after the other, whilst attempting to position themselves close to, or even on 
top of, the female (Yano et al., 1999; Marshall and Bennett, 2010b). Copulation occurs when a 
male is able to successfully approach the female and bite down with his mouth on the tip of her 
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pectoral fin, enabling the male to position himself so that their ventral surfaces are facing one 
another. The male then inserts one of his claspers into the cloaca of the female and internal 
fertilisation occurs; males are observed to continue grasping the pectoral fin of the female for up 
to 30 seconds after removal of the clasper (Marshall and Bennett, 2010b). 
1.4.2 Behaviour of manta rays at cleaning stations 
Manta rays have been described to approach cleaning stations slowly, and when above the 
cleaning station may cease all wing beats and hover motionless, or swim in very slow circular 
patterns over the area of the cleaning station. Their mouths remain slightly open (though not 
wide enough to suggest feeding), and cephalic fins unfurled, allowing these areas to be attended 
to by host cleaner fish (O'Shea et al., 2010; Jaine et al., 2012). O'Shea et al. (2010) found some 
mantas to remain at a cleaning station for up to 5 hours, with visits averaging 30 minutes; cleaner 
fish inspected and cleaned around the claspers, tail, cloaca, ventral (and possibly dorsal) surface, 
gills and cephalic fins.  
1.4.3 Travelling and breaching behaviour 
The travelling behaviour of manta rays is commonly referred to as cruising and has been 
described as swimming in a straight line with cephalic lobes rolled, or tightly curled up, and 
mouth closed (Notarbartolo-di-Sciara and Hillyer, 1989; Jaine et al., 2012). Breaching behaviours 
have also been reported, in which manta rays leap partially or completely out of the water, 
creating a large splash upon re-entrance. An increase in the incidence of breaching events was 
recorded during mating bouts in Mozambique (Marshall and Bennett, 2010b). The actual purpose 
of breaching is unknown, but has been suggested to be related to the removal of parasites or 
remoras (Remora sp.) and similar fish which attach to the surface of the manta ray, or mating and 
courtship displays (Notarbartolo-di-Sciara and Hillyer, 1989; Homma et al., 1999; Deakos, 2010).  
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1.4.4 Feeding behaviour 
Like all mobulids, manta rays are zooplanktivorous filter-feeders which utilise a feeding method 
known as ram-jet feeding; a process by which plankton-rich water is directed into the mouth and 
over the gills by the cephalic fins as the manta swims forward. Food is then strained and collected 
by ‘gill-rakers’, highly modified finger-like branchial filaments present on the gill arches of manta 
rays, before being swallowed into the stomach (Bigelow and Schroeder, 1953; Sanderson and 
Wassersug, 1990; Deakos, 2010).  
Anecdotal evidence suggests that manta rays exhibit a number of different feeding behaviours, 
perhaps altering their behaviour depending on feeding efficiency and the distribution of 
zooplankton in the water column (Deakos, 2010; Couturier et al., 2012). Although feeding manta 
rays are regularly observed, only a single detailed description of one type of foraging behaviour 
exists in the published literature. Gadig and Neto (2013) recently described three variations of a 
circular feeding pattern, in which a group of mantas were observed exhibiting a form of ‘co-
operative feeding’ working together by swimming in a cyclonic motion to stir up plankton and act 
as one large collective mouth. Brief observations of feeding behaviours have been made, 
including mantas swimming in a repeated summersault motion (Deakos, 2010), bottom skimming 
(Osada, 2010), surface foraging (Clark, 2010) and general feeding by swimming against a tidal 
current with an open mouth (Jaine et al., 2012).  
1.5 Manta ray tourism worldwide  
Due to their placid disposition, large size and perceived friendly and inquisitive nature, snorkelling 
or diving with manta rays in the wild has become a highly sought after experience for tourists 
worldwide (O’Malley et al., 2013). The predictability associated with their strong site fidelity and 
the tendency to aggregate around food sources and cleaning stations makes mantas ideal 
candidates for marine tourism operations (Clark, 2001; Dewar et al., 2008; Anderson et al., 2010; 
Clark, 2010). A recent study has identified a total of 31 countries worldwide where manta rays are 
frequently encountered, with 25 of these countries having manta ray focussed tourism 
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operations, or specific manta dive sites (O’Malley et al., 2013). Every year an estimated 386 
operators conduct over a million manta ray dives and snorkels, at approximately 200 manta 
specific dive sites across six continents and several island nations, including (but not limited to) 
Indonesia, Australia, Mozambique, the Maldives, Japan, the USA, Mexico, the Federated States of 
Micronesia, Palau, Fiji and the Philippines. Direct revenue from these manta dives and snorkels is 
estimated at over US$73 million annually, and economic impact (including related tourism 
income) at US$140 million (O’Malley et al., 2013). Manta ray interactions occur in different forms 
at different locations, including SCUBA diving at cleaning station sites (Kitchen-Wheeler, 2010), 
snorkelling or diving during large feeding aggregations (Anderson et al., 2010; Clark, 2010), and 
night diving or snorkelling at sites where artificial lights and dive torches attract large quantities 
of zooplankton, which in turn attracts manta rays which come to feed on the zooplankton 
(Deakos, 2010; Osada, 2010). 
Despite the rising popularity of manta ray interactions, there is a current lack of published 
information relating to the impact or management of such activities; presumably because in 
terms of global tourism, manta ray tourism is still in its infancy. The potential of excessive tourism 
to affect the natural behaviour of manta rays has been recognised (Marshall et al., 2011c), and 
research is presently being undertaken in the Maldives which aims to gain a better understanding 
of interactions and reactions during tourism activities (Manta Trust, 2013). There has been one 
report from Bora Bora, French Polynesia of a temporary displacement of resident manta rays 
from an aggregation site, which was thought to be a result of prolonged pressure from coastal 
tourism development as well as the increasing presence of divers, snorkelers, vessels and jet skis. 
A diminished number of manta rays eventually returned to the site after 2-3 years (de Rosemont, 
2008).  
Basic sets of guidelines or codes of conduct for snorkelling or SCUBA diving with manta rays have 
been developed in various countries across the globe; including Western Australia (Daw and 
McGregor, 2008; Daw, 2009), Indonesia (CTC, 2013), Mozambique (Blue Footprints, 2012), and 
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Hawaii (MPRF, 2002), where voluntary standards for operators have also been established (MPRF, 
2013). Additionally, SCUBA diving and manta ray research organisations promote general codes of 
conduct for divers or snorkelers interacting with mantas anywhere in the world (Dive The World, 
2003; Project Manta, 2012; Manta Watch, 2013). However, at present there are no formal manta 
ray interaction codes of conduct implemented and enforced by government or other 
management agencies in any part of the world (Clarke et al., 2005).  
1.6 Manta ray tourism in the Ningaloo Marine Park, Western Australia 
This study focussed on a population of M. alfredi, commonly known as the coastal or reef manta 
ray, found in the waters of Bateman Bay, north of Coral Bay in the Ningaloo Marine Park, Western 
Australia (see Fig. 2.1). Bateman Bay is a known aggregation site for M. alfredi (hereafter referred 
to as manta rays), which predominantly use the waters for feeding, as well as visiting a number of 
known cleaning stations located within the bay; mating chains and courtship interactions are also 
observed during the winter and spring months (June to November) (McGregor et al., 2008). An 
on-going photo ID study which commenced in 2004 has identified over 700 individuals to date, 
with a resident population consisting of approximately 40 - 50 individuals, mostly mature females, 
who have been sighted year round, and in consecutive years (F. McGregor, unpublished data). 
The Ningaloo population is considered highly transient, with large feeding aggregations of up to 
70 individuals occurring in autumn (March until May) (McGregor et al., 2008). These aggregations 
are thought to be a result of a seasonal peak in the abundance of zooplankton, or an alteration in 
the schooling behaviour of prey which augments feeding (Wilson et al., 2001; Wilson et al., 2002).  
Manta rays are present in Bateman Bay throughout the entire year, and commercial tour vessels 
depart daily (weather permitting) from Coral Bay, taking tourists to participate in snorkelling 
interactions with manta rays. At present no organised commercial SCUBA interactions with manta 
rays exist in NMP. Five dedicated manta ray tourist vessels currently operate out of Coral Bay, 
with the combined potential to accommodate a maximum of 139 passengers each day. An 
additional two vessels (each licensed to carry 20 passengers) intermittently conduct interaction 
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tours outside of the whale shark season (July to March) (F. McGregor, pers. comm.). The majority 
of these operators employ a spotter plane to locate any manta rays in the waters of Bateman 
Bay; the generally shallow and sandy environment allows the dark shape of manta rays to be 
sighted easily from the air (Daw, 2009); manta rays are sighted by tour vessels on over 95 % of 
trips (McGregor et al., 2008). The pilot uses radio communication to direct the tour vessels to the 
location of a manta ray so that tourists can be placed in a suitable position to begin an 
interaction. Groups of tourists (hereafter referred to as ‘swim groups’) are then placed in the 
water under the supervision of a guide (hereafter referred to as the ‘lead swimmer’) and directed 
towards the manta ray. Interactions typically involve the swim group following behind the manta 
ray/s on the surface of the water, occasionally free-diving down to get closer to the manta under 
the instruction of the lead swimmer. The group will typically follow a manta ray for between 5 
and 45 minutes depending on circumstances such as the behaviour of the manta ray, the size of 
the swim group, the number of manta rays present in the bay, the number of tour vessels 
operating that day, and the fitness and willingness of the members of the swim group (Fig. 1.3). In 
the event of only a single manta ray being sighted, tour vessels ‘share’ the manta, with vessels 
taking turns to rotate their swim groups so that all tourists have a relatively equal interaction 
time. This means that this individual manta ray is subjected to multiple approaches and swim 
group drops by each vessel in a short period of time (F. McGregor, pers. comm.). All tour 
operators generally conduct interactions at approximately the same time in the mid to late 
morning, due to the nature of the tour schedules, and shared use of the spotter plane.  
Many of the operators endeavour to capture an identification photo (ID photo) of the ventral 
surface of each manta ray that they interact with. These photos are entered into a catalogue 
which is part of an on-going photo ID study of the population, and as tour vessels operate almost 
every day of the year, this is a useful method of regular and continuous data collection. 
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Figure 1.3: Aerial view of a Coral Bay tour vessel and swim group lead by a lead swimmer during a 
manta ray interaction.   
1.6.1 History of manta ray interaction tours in Coral Bay 
Manta ray interactions originally began in the early 1990s, with a single vessel conducting 
opportunistic interactions with manta rays when they were sighted in transit from whale shark 
interactions. In the following years a single operator introduced a specific manta ray interaction 
vessel with a maximum capacity of 12 passengers, which operated intermittent tours. Over the 
course of the following decade the industry evolved substantially, with another four vessels 
beginning to conduct manta ray interaction tours, and some operators offering these tours on a 
daily basis (Fig. 1.4). By 2003 five dedicated manta tour vessels were operating out of Coral Bay 
with a combined maximum capacity of 102 passengers; since then vessel upgrades have enabled 
operators to increase their maximum capacity, which now means that operators can potentially 
take a total of 139 passengers per day to interact with manta rays (F. McGregor, pers. comm.). 
Furthermore, without regulation of vessel and passenger numbers, the industry has the potential 
to continue to grow in the near future. 
At present there is little readily available data on passenger numbers or the financial value of the 
manta interaction tourism industry at Coral Bay. In 2009 it was estimated that a total of 10,000 
people participated in manta interaction tours, generating an annual ticket income of AUD$1.2 
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million per year (Daw, 2009). However, with the current growth rate of tourism in NMP, it can be 
justifiably assumed that these figures have increased significantly in the past five years.  
 
Figure 1.4: Timeline of events relating to the manta ray interaction tourism industry operating out 
of Coral Bay, Western Australia. An additional two vessels (each licensed to carry 20 
passengers) intermittently conduct interaction tours outside of the whale shark season 
(July to March). Note: DEC is now operating as DPaW. 
1.6.2 Implementation of a voluntary code of conduct 
A range of concerns expressed by tour operators to DEC (now DPaW) in 2001 prompted the 
development of a Voluntary Code of Conduct for Manta Ray Interactions (VCC) in 2002. The VCC 
was designed as a self-regulating set of guidelines, created in consultation with industry 
operators, to which operators could choose to comply or not (Daw, 2009). However, by 2006 
further complaints and concerns were expressed about the nature of manta ray interactions that 
were taking place; this time, concerns were raised not only by operators, but also by persons 
outside the industry. The concerns were predominantly regarding disturbance and behavioural 
changes at cleaning stations, swimmer risk and disturbance of manta rays engaged in courtship 
and mating activities, excessive speed and inappropriate operation of vessels, as well as the 
increasing number of tourists per swim group. Reports were received of manta rays displaying 
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seemingly aggressive behaviour towards tourists such as incidents of ramming, fin slapping and 
breaching upon swimmers. This type of behaviour has not been reported for any other manta ray 
tourism locations, and seems to be unique to shallow water interactions (McGregor et al., 2008; 
Daw, 2009).  
Operators were especially concerned that manta rays may develop avoidance behaviour in 
response to tourism activities, which could potentially reduce the viability of future interaction 
tours. Management assessment of manta tour operations revealed various issues of concern, 
including a level of non-compliance and a lack of awareness of the VCC; similar issues with the use 
of voluntary codes of conduct in marine tourism have been previously raised, with most studies 
deeming them ineffective (Scarpaci et al., 2003; Garrod and Fennell, 2004; Allen et al., 2007). 
Consequently, a new (and still voluntary) Code of Conduct for Manta Ray Interactions (CC) was 
designed (Daw and McGregor, 2008), and widespread industry support was gained for its 
implementation, as well as for increased management of the manta ray interaction industry 
(Daw, 2009). The CC limits vessel speed to 8 knots within 100 m, 5 knots within 30 m, and 
prohibits vessels from making way within 15 m of a manta ray; all vessels are to maintain a 
distance of 15 m from a manta ray, and are to avoid crossing the path of a manta or approaching 
within a 60° arc to the rear of a manta ray. The CC also states that swimmer numbers are not to 
exceed 12 (10 passengers plus 2 guides) per swim group, and no more than two swim groups per 
vessel are permitted in the water at any time. Swimmers are not to approach a manta ray head 
on, block the path, nor attempt to touch a manta ray and are to minimise movement whilst in 
close proximity to a manta. Restrictions for interactions with manta rays on cleaning stations, and 
during mating and courtship activities are also included, along with other specifications for 
vessels and tour operators (for complete CC document see Appendix B). However, despite the 
recommendation that compliance with the new CC immediately be made a condition of 
commercial tour licenses in Coral Bay, a mandatory code of conduct is yet to be implemented. 
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1.7 Enabling effective management 
The increasing pressure that global manta ray populations are currently experiencing from target 
and by-catch fisheries, has prompted the promotion of manta ray ecotourism as a non-
consumptive, yet economically attractive alternative (Anderson et al., 2010; O’Malley et al., 
2013). It is of crucial importance however, that these tourism activities are managed so that they 
are ecologically sustainable and have minimal impact on focal populations. Truly sustainable 
management ideally involves an assessment of the specific industry, as well as an understanding 
of the biology and ecology of the focal population and any potential impacts of tourism, 
combined with continuous monitoring, and the implementation of adaptive strategies (Bres, 
1993; Higham et al., 2009). 
Knowledge of the general ecology, habitat usage, and natural behaviour of focal species is 
essential in order to increase understanding of populations, identify potential impacts and 
consequently act as a basis for comparison to determine any effects of tourism (Gill et al., 2001; 
Birtles et al., 2002a; Bejder and Samuels, 2003; Lusseau and Higham, 2004). A photo ID study of 
the Ningaloo M. alfredi population is currently underway, along with research into population 
dynamics, movement patterns, habitat usage and feeding ecology (F. McGregor, unpublished 
data). It is also necessary to understand the way in which the interactions between tourists and 
manta rays work in order to develop effective guidelines and regulations (Cater, 2008). In relation 
to Coral Bay manta ray tourism an understanding should be developed of the nature of 
interactions, where, how and how often they take place, along with the numbers of vessels and 
tourists participating throughout the year.  
1.8 Observing and monitoring behavioural responses 
In order to manage the potential impacts of tourism, both short and long-term, they must first be 
identified; one method of doing so is through the observation of immediate behavioural 
responses during interactions. Short-term behavioural responses are frequently used to measure 
the effect of human disturbances, including tourism interactions, on focal species (Beale and 
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Monaghan, 2004a; Green and Geise, 2004); these behavioural changes have the potential to 
cause long-term ecological impacts on populations (Lusseau, 2004; Bejder et al., 2006a; Bejder et 
al., 2006b; Lusseau and Bejder, 2007). For example, seemingly minor alterations in the natural 
behavioural budget of individuals may lead to a decrease in feeding, resting, socialising or 
breeding activities, which can ultimately reduce individual fitness levels, as well as the 
reproductive success of a population (Mann et al., 2000; Constantine, 2001; Lusseau et al., 2006; 
Williams et al., 2006; Stensland and Berggren, 2007). Another potential adverse effect is 
avoidance of preferred sites and critical habitats, such as cleaning stations or specific feeding 
areas, due to the presence of tourist vessels and swimmers. Effectively this can alter natural 
behavioural patterns, as well as lead to a decrease in the home-range, or even the displacement 
of a population (Corkeron, 1995; Lusseau and Higham, 2004; Lusseau, 2005; Bejder et al., 2006b).  
Previous studies into marine wildlife tourism activities have identified that behavioural changes 
are exhibited in response to the tour vessel, as well as to the presence and behaviour of 
swimmers that are in the water with the animals (for example see King and Heinen, 2004; 
Stensland and Berggren, 2007; Pierce et al., 2010; Vermeulen et al., 2012; Kessler et al., 2013). 
For the purpose of advising management, it is useful to not only identify behavioural responses 
but to attempt to understand what causes them, by determining whether certain actions provoke 
behavioural responses, or whether elements such as environmental conditions or tourist-related 
factors contribute to the occurrence of a response more so than others. It is also important to 
determine whether manta rays are more susceptible to disturbance depending on their 
behavioural state, sex, age class, or whether they are new or resighted individuals.  
1.9 Tourist experience and perception of interactions 
An element of the Ningaloo manta ray industry that should not be overlooked is the tourists 
themselves, as they are the ones investing time and money into participating in the tourism 
activities. Visitor satisfaction is a vital component in all tourism sectors, and is essential for the 
long term viability of an industry. Participant satisfaction should be of high priority to operators, 
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second only to the protection of focal species and environments, and a successful operator 
should endeavour to provide an experience which matches or exceeds the visitors’ realistic 
expectations  (Cater, 2003; Newsome et al., 2005). Visitor experience in marine tourism has been 
found to be affected by factors such as environmental impacts (Curtin et al., 2009; Uyarra et al., 
2009), and perceived crowding (Breen and Breen, 2008; Lankford et al., 2008), as well as available 
facilities and services and marketing approaches (Needham and Rollins, 2008).  
With increasing numbers of visitors to NMP as well as the increased capacity of manta ray tour 
vessels, crowding could become a possible concern for the industry. Not only can crowding have 
an impact on focal species, it is also commonly recognised to detract from visitor experience in 
the marine environment (Davis et al., 1997; Inglis et al., 1999; Musa, 2003; Ziegler et al., 2012). 
Visitors have been reported to recognise crowding in relation to the amount of vessels as well as 
the number of snorkelers or swimmers in the water at any time (Breen and Breen, 2008; Catlin 
and Jones, 2010). Visitors also value the high environmental quality and pristine nature of the 
NMP (CALM and MPRA, 2005), and evidence of impacts on wildlife or the environment in other 
tourism destinations have been found to reduce satisfaction (Musa, 2003; Gossling et al., 2008; 
Uyarra et al., 2009).  
Interestingly, previous studies have reported that although visitors recognised the potential 
impacts of tourism on wildlife, most failed to perceive that they themselves had an effect on the 
focal species (Orsini and Newsome, 2005; Sterl et al., 2008), even when biological data indicated 
that they had (Taylor and Knight, 2003). Understanding the social aspects of wildlife tourism 
activities, including the motivations, needs and expectations of participants, is essential for 
effective management and can provide valuable insight for planning and decision-making (Duffus 
and Dearden, 1990; Orams, 1998; Moscado and Saltzer, 2004; Ziegler et al., 2012). 
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1.10 Aims and objectives 
It has been suggested that the unmanaged growth of a wildlife tourism site can lead to the 
collapse of the local industry due to two factors: the disappearance of the focal species as a result 
of excessive biological and environmental impacts, and decreased visitation due to diminished 
visitor experience (Duffus and Dearden, 1990). Judging by the exponential development of the 
Coral Bay manta ray interaction industry in the past two decades, the potential for future growth 
is high, which may lead to increased pressure on the manta ray population. It is therefore vital 
that manta ray tourism is managed to keep impacts to a minimum, for the sake of the manta ray 
population as well as the future viability of the industry. In order for impacts to be managed 
however, they must first be identified and understood, and in response to the concerns raised in 
recent years regarding manta ray behavioural changes and the possibility of long-term 
disturbance, both management and operators have deemed it of high importance that a study 
into the impact of human interactions be undertaken (McGregor et al., 2008; Daw, 2009). A 
better understanding of the behavioural responses of manta rays to tourism interactions will aid 
in the development of management strategies, more specifically the implementation of an 
effective and adaptive code of conduct, designed to minimise any effects of tourism on the manta 
ray population, prevent risks to tourists and facilitate high levels of visitor experience.  
The present study was a preliminary assessment of the effect of tourism interactions on M. alfredi 
behaviour in Coral Bay, and is the first of its kind to be undertaken in Australia. Primarily, this 
study aimed to determine the frequency and identify the different forms of short-term 
behavioural responses to three separate elements of the swim-with interactions: the interaction 
with the swim group, the tour vessel and the attempt at capturing an identification photo. 
In order to achieve this, the different behaviours exhibited by manta rays in the waters of Coral 
Bay needed to be identified and described, and in doing so this study was the first to describe in 
detail four distinct foraging behaviours that are yet to be explained in the published literature, 
including three different methods of active feeding.  
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In addition to simply identifying behavioural responses, this study intended to develop an 
understanding of any observed responses by determining whether the occurrence of a response 
was influenced by particular biological or social attributes of the manta ray, including sex, 
maturity and number of times sighted, as well as whether or not it was the first interaction 
involving that particular manta ray on that day; the behavioural state of the manta ray; 
environmental factors such as wind speed and direction, water depth and temperature, turbidity, 
and swell and tidal height; or operator and participant-related factors such as the number of 
people and overall competency of the swim group, the approach strategy used for group 
placement, the duration of the interaction, and the amount of surface splash created by the swim 
group. 
Visitor experience and education, as well as tourist perception of crowding and disturbance 
during interactions were also investigated, with the ultimate aim of providing recommendations 
for management regarding the development and implementation of an effective code of conduct 
in the future.  
This study was able to further use the data collected during the investigations of tourism 
interactions to provide baseline information on habitat usage in Bateman Bay by M. alfredi over 
the course of the study period. It was also possible to develop an understanding of the nature and 
location of manta ray interactions, in order to determine whether interactions were taking place 
in areas indicative of critical habitat. This was achieved by obtaining GPS coordinates showing the 
location of interactions in the past two years from a local tour operator (Ningaloo Marine 
Interactions, unpublished records), and combining them with coordinates recorded in the present 
study to ensure an accurate representation of interaction locations. 
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Being the first of its kind to be undertaken, the aims of this study remained rather broad, 
however the following specific questions were considered for the purpose of advising 
management: 
1. Which behaviours are exhibited by manta rays while visiting Bateman Bay? 
2. Are manta rays more likely to exhibit a behavioural response depending on their behaviour 
during the interaction? If so, during which behaviours are manta rays most responsive? 
3. Does free-diving during an interaction influence the occurrence of behavioural responses? 
4. Do manta rays exhibit behavioural responses to tour vessels? 
5. Do larger swim group sizes result in an increased occurrence of behavioural responses? 
6. How do tourists perceive manta ray interactions? Does the occurrence of a behavioural 
response affect visitor satisfaction and experience? 
7. How effective is the current (voluntary) code of conduct at minimising disturbance to manta 
rays? 
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2.0 Materials and Methods  
2.1 Site description 
All observations were conducted in the southern waters of Bateman Bay  (23° 03’ S: 113° 46’ E), a 
large, semi-enclosed embayment located approximately 4 km north of the town site of Coral Bay 
on the Ningaloo Reef, north-western Australia. Bateman Bay is the largest of the embayments 
situated along the Ningaloo coast, with an area of approximately 100 km2. The distance between 
the shoreline and reef crest ranges from 1 km at its narrowest point in the south to 7 km at its 
widest; the average depth of the bay is approximately 8 m, with a maximum of 20 m slightly 
landward of its western entrance. Sand flats and low ridges dominate the sea floor, with 
occasional areas of sponge and small coral growth in the shallower regions of the bay. Seagrass 
(predominantly Posidonia coriacea, Amphibolis antarctica, and ephemeral Halophila ovalis), and 
macroalgal beds (mainly Sargassum sp.) are also present throughout the bay. Due to the presence 
of Cardabia Passage, a 5 km wide gap in the reef, the bay is partially open to the ocean and 
therefore receives increased wave energy and flushing rates compared to the usually shallow and 
protected waters of the Ningaloo lagoon (van Keulen et al., 2002). An inflow of water is also 
received from Stanley Pool which is situated to the north of the bay; tides are semi-diurnal, with a 
range of approximately 1.2 m. The specific study site extended from Point Maud in the south, to 
the southern edge of North Reef (see Fig. 2.1). For the purpose of this study all observed 
interactions took place within 6 km of shore, and were situated in < 10 m depth.  
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Figure 2.1: Site map of the study area between Point Maud and North Reef- Bateman Bay, 
Western Australia.  
2.2 Data collection 
Data were collected between April 2013 and July 2013, with a total of 98 interactions observed 
over 36 commercial manta ray interaction trips. Data collection was split over two survey periods, 
the first being 10th April – 1st May, and the second 20th June – 22nd July 2013. Data collection was 
conducted aboard two commercial tour vessels, both running daily manta ray interaction tours 
from Coral Bay, and involved the principal observer participating in interactions as if a secondary 
guide to avoid manipulation of the tourism setting of the study. The principal vessel used in this 
study, Utopia, was licensed to carry up to 20 passengers plus crew; the secondary vessel, Bay 
Escape, which was only used on two occasions, was licensed to carry up to 26 passengers plus 
crew. The operators of both vessels voluntarily adhered to the Code of Conduct for Manta Ray 
Interactions (CC) developed by DEC to minimise disturbance to manta rays during tourist 
interactions (Appendix B). Prior to any manta ray interaction, participants were given a briefing by 
the skipper of the vessel which included a basic description of the biology, ecology and behaviour 
N 
28 
 
of manta rays found at Ningaloo Reef, safety instructions, and guidelines to follow during the 
interaction (see Appendix C for full description of guidelines). The two observed operators were 
deemed to conduct manta ray interactions in the same manner, therefore data collected on the 
different vessels were pooled together for analysis.  
Upon embarkation of the tour vessel passengers were made aware of the observer’s presence 
aboard the vessel, and given a short briefing describing their observational activities, and details 
of the research project. After any questions were answered, passengers were asked to sign a 
consent form to indicate their willingness to participate in the study by being filmed during the 
manta ray interaction, and answer a voluntary verbal questionnaire following the interaction. If a 
passenger was not willing to be filmed during the interaction it was intended that the observer 
would either enter the water without a digital video camera, or not enter the water at the same 
time as that particular passenger (i.e. be placed in a different swim group). It eventuated that this 
was not necessary, as no-one objected to participating in the study.  
Focal animal sampling was employed during all interactions, using all occurrence sampling of 
observed behaviours (Altmann, 1974). If more than one manta ray remained within view of both 
the observer and camera during the entire interaction, all manta rays were observed 
simultaneously but treated as separate interactions. For the purpose of this study an interaction 
was defined as a swim group consisting of one or more tourist participants entering the water 
under the supervision of a lead swimmer to snorkel in the proximity of one or more M. alfredi 
individuals. An interaction began when the first person, usually the lead swimmer, entered the 
water, and ended when the participants were picked up by the vessel, leaving nobody in the 
water with the manta ray/s. On occasions when there was more than one swim group, the 
observer continued to follow and film the manta ray (either alone or with the lead swimmer) 
while the groups were swapped over (i.e. group 1 returned aboard the vessel and group 2 
entered the water). Subsequent interactions with different manta rays on the same day were 
treated as separate interactions. 
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Preliminary studies revealed that filming from the tour vessel provided a good view of the 
position of the swimmers in relation to the manta ray, however did not show sufficient detail of 
the behaviour of the manta ray underwater and therefore of any responses that may have 
occurred. In-water footage provided this detail, along with a general view of the positioning of 
swimmers, and was therefore deemed the most effective method of observing and filming 
interactions. All interactions were filmed in-water by an observer using a GoPro Hero 2 digital 
video camera inside a GoPro underwater camera housing. The observer acted as a secondary 
guide and kept pace with the manta ray and swim group, staying at least 2 m away from the 
manta ray during interactions, and approximately 1 to 10 m away from members of the swim 
group (swimmers) depending on the circumstances. When possible, interactions were 
simultaneously filmed from aboard the tour vessel also using a GoPro Hero 2 digital video camera, 
to gain a perspective of interactions above the surface of the water.  
2.3 Description of manta ray behaviours 
Behaviours can be regarded as either states or events. Behavioural states are patterns of 
behavioural of a relatively long duration, such as a prolonged activity or posture, whereas 
behavioural events are instantaneous such as a discrete body movement (Altmann, 1974; Martin 
and Bateson, 1993). During preliminary studies manta rays were observed and filmed exhibiting a 
range of different behavioural states in the waters of Bateman Bay. Observed behavioural states 
were differentiated into the following seven categories: barrel rolling, line feeding (skimming 
bottom), surface feeding, cruising, mating chain, cleaning and searching for food. These 
behaviours were used when determining the initial behaviour of manta rays during interactions 
and are described in full below.  
Barrel rolling  
A manta ray swimming in repeated backwards somersaults at any level in the water column with 
cephalic fins unfurled, mouth wide open and branchial slits open and flared (Fig. 2.2). Barrel 
rolling appears to enable a manta ray to feed more efficiently on a densely concentrated patch of 
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zooplankton, as the continuous loops repeatedly bring the mouth back over the same area. Barrel 
rolling was observed at varying speeds, from large, slow loops to smaller, more rapid ones. It was 
mostly observed as a continuous behaviour, but at times was intermittent, with manta rays 
sometimes looping a few times in one area, then swimming or feeding in a straight line until a 
sufficient patch of food was located, whereupon the manta ray would resume barrel rolling.  
 
 
Figure 2.2: Sequence of photos showing a manta ray exhibiting ‘barrel rolling’ behaviour, a) 
beginning of the backwards loop, note position of cephalic fins, b) note open mouth and 
cephalic fins positioned to funnel plankton into mouth, c) note flared branchial slits and 
pectoral fins pushing manta ray into top of loop d) manta ray reaches top of loop and 
begins to turn again.  
 
Line feeding 
Another observed feeding behaviour, which involved manta rays skimming along the sea bed with 
cephalic fins unfurled, mouth open and branchial slits flared, scooping up plankton with their 
mouths (Fig. 2.3). This behaviour tends to occur in lines back and forth across a certain area, with 
the manta turning at the end of each line usually by pivoting on the tip of one pectoral fin and 
turning 180° (Fig. 2.3b). With each line the manta ray appears to be moving slightly in one 
direction, and individuals may swim back along the same line in order to first stir up the plankton 
off the bottom, then collect it on the way back through. Manta rays swam relatively quickly 
during this type of feeding behaviour, and lines were usually quite uniform in pattern, but at 
times were observed to be somewhat erratic.  
 
 a)                        b)                  c)                                             d) 
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Figure 2.3: Examples of manta rays exhibiting ‘line feeding’ behaviour, a) Note the position of the 
cephalic fins and open mouth, and proximity to the sea bed, b) Manta ray turning 180° 
at the end of a feeding line by pivoting on the tip of one pectoral fin, c) aerial view, note 
open mouth and unfurled cephalic fins.  
Surface feeding 
During which manta rays swam relatively quickly just underneath the surface of the water, at 
times with their backs and outer parts of the pectoral fins protruding out of the water, with their 
cephalic fins unfurled, branchial slits flared and mouth wide open skimming the surface of the 
water to obtain food (Fig. 2.4). This type of feeding was observed to occur in a slightly erratic 
pattern of straight lines, and appears to enable manta rays to feed on large quantities of plankton 
that have collected at the surface of the water.  
 
Figure 2.4: Examples of manta rays exhibiting ‘surface feeding’ behaviour, a) side view of a manta 
ray feeding just below the surface, note the flared branchial slits and position of the 
cephalic fins, b) view from above the surface of a surface feeding manta ray with 
pectoral fins protruding out of the water and open mouth.  
a)                                         b)              c) 
a)                                                             b)        
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Searching for food 
Manta rays were also observed swimming very slowly with either continuous or intermittent 
unfurling of the cephalic fins, which were extended slightly forward, instead of positioned so as to 
funnel water into the mouth (Fig. 2.5c). The mouth remained only very slightly open and 
branchial slits not flared, indicating that feeding was not taking place (Fig. 2.5). During this 
behaviour manta rays tended to gradually alter their position in the water column by moving 
vertically whilst slowly swimming along, as well as changing direction often. This behaviour was 
indicative of searching for food and was termed ‘searching for food’. 
 
Figure 2.5: Examples of manta rays exhibiting ‘searching for food’ behaviour, a) side view of a 
manta ray searching for food, note closed mouth and branchial slits, b) view from below 
a manta ray, note position of cephalic fins, unfurled yet not positioned to funnel water 
into the mouth, c) note unfurled cephalic fins and closed mouth. 
Cruising 
Another behaviour exhibited by manta rays was ‘cruising’, which was observed at various levels 
within the water column. Cruising manta rays appeared to be travelling, and swam in a constant 
direction at sustained moderate to fast speeds, with the cephalic fins tightly rolled up on either 
side of the mouth, which remained closed (Fig. 2.6).  
 a)                                               b)                     c) 
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Figure 2.6: Examples of manta rays exhibiting ‘cruising’ behaviour, note tightly rolled up cephalic 
fins and closed mouth. 
Mating chain 
The sixth behaviour observed involved two or more manta rays engaged in a ‘mating chain’, in 
which a single female manta was followed by one or more males, usually cruising, but at times 
feeding. Males generally had their cephalic fins unfurled and mouth slightly open and followed 
closely behind the female (Fig. 2.7a), imitating her movements and position in the water column 
(Fig. 2.7b).    
 
Figure 2.7: Example of manta rays engaged in a ‘mating chain’, a) male following closely behind 
female while cruising, note unfurled cephalic fins and slightly open mouth of male, b) 
male imitating female as she performs a forward loop through the water. 
 
 
 
a)                                                                              b)        
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Cleaning 
Finally, whilst visiting a cleaning station, manta rays were observed to maintain a near stationary 
position, sometimes hovering motionless, or swimming in very slow circular patterns above the 
area of the cleaning station. The cephalic fins were unfurled and mouth slightly open (but not 
wide enough to suggest feeding), while host cleaner fish were seen to remove ectoparasites or 
clean wounds around the body surface (Fig. 2.8). This behaviour was termed ‘cleaning’. 
 
Figure 2.8: Examples of manta rays exhibiting ‘cleaning’ behaviour whilst in the area of a cleaning 
station, a) Front on view of manta ray on a cleaning station, note unfurled cephalic fins 
and slightly open mouth, b) manta ray hovering motionless with partially unfurled 
cephalic fins, note cleaner fish attending to the body surface, c) aerial view of manta ray 
on cleaning station with unfurled cephalic fins and cleaner fish attending to dorsal 
surface and mouth. 
2.4 Behavioural responses  
A behavioural response was defined as any alteration or adjustment in behaviour or movement of 
an observed manta ray, or a specific behavioural event, which differed from the initial 
behavioural pattern that was being exhibited. Forms of behavioural responses were recorded 
according to the following categories: 
• Change in swimming speed: decrease, increase, remain constant, or fled 
• Directional change: towards swim group/lead swimmer, away from the swim group/lead 
swimmer 
• Abrupt movements: banking upwards or sideways, or a short, rapid burst of speed 
a)                                            b)                 c) 
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• Change in behavioural state: for example from feeding to cruising 
• Leaves the area of a cleaning station: temporarily or permanently during the duration of 
the interaction 
• Turns upside down to look at the swim group/lead swimmer 
• Separation of manta rays swimming together  
• Decrease in the inter-animal distance of manta rays engaged in courtship behaviour.   
Behavioural responses were recorded in three separate categories, ‘response to swim group 
interaction’, ‘response to tour vessel’, and ‘response to identification photo attempt’. Any 
behavioural responses displayed by the observed manta ray during the group interaction were 
described and recorded by the observer upon returning to the vessel; footage of the interaction 
was later analysed to confirm the occurrence and nature of the response. If the manta ray/s had 
initially been sighted on a cleaning station, it was recorded whether or not the manta ray left the 
area of the cleaning station temporarily or permanently during the interaction. At times when the 
tour vessel was in the proximity of a manta ray, especially during swim group placement and the 
initiation of an interaction, any behavioural response to the vessel was described and recorded, 
and later confirmed using footage when available. 
The unique pattern of markings found on the ventral surface of manta rays can be used to 
identify and differentiate between individuals of a population (Clark, 2001; Marshall, 2008; 
Kitchen-Wheeler, 2010). At some point during the interaction an attempt was made to take an 
identification photo (ID photo) of the ventral surface of the manta ray, particularly the area 
between, and posterior to the gill slits (Fig. 2.9a). This involved the photographer (the person who 
took the ID photo), usually the lead swimmer or observer, positioning themselves so that a clear 
photo of the ventral surface could be taken, which usually required free-diving below, and 
relatively close to, the manta ray (see Fig. 2.9b) The approach of each ID photo attempt was 
recorded and classified into one of six categories, which describe the position of the 
photographer in relation to the manta ray: 
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• Behind (while barrel-rolling) 
• Side-on 
• Underneath 
• In-front 
• Side-on towards front 
• Side-on towards rear 
Any behavioural responses to ID photo attempts were described and recorded on a data sheet by 
the observer immediately after returning to the tour vessel, then confirmed at a later time by 
analysing the video footage of the interaction.    
 
Figure 2.9: a) Example of a usable ID photo with the boxed area highlighting the area of the 
ventral surface between the gill slits and posterior to the gill slits, and the marking used 
to identify an individual manta ray, b) example of the positioning of a photographer 
needed to obtain a usable ID photo.  
2.5 Determination of biological and social characteristics of manta rays 
The biological characteristics examined in this study were the sex and age class of each manta 
ray. Social characteristics included whether the individual was identified as a regular visitor to the 
area (a re-sighted manta ray), whether it had not been sighted previously, and whether it had 
previous interactions with other tourist groups in the same day  
 
a)                                                                      b)        
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M. alfredi individuals can be sexed visually (Kitchen-Wheeler, 2010; Marshall and Bennett, 
2010b), therefore sex was initially determined during the interaction by the observer, and verified 
post-interaction using identification photographs along with video footage. Sex was determined 
by the presence or absence of claspers extending from the pelvic fins of the manta ray; the 
presence of claspers indicated that the manta ray was a male (Fig. 2.10). Both female and male 
manta rays were categorised into the following age classes; ‘juvenile’, ‘adolescent’, ‘mature 
adult’, or ‘not determined (ND)’. Male maturity was assessed by the size and degree of 
calcification of the claspers. Individuals with small, un-calcified claspers were classified as 
‘juvenile’ (Fig. 2.10a); those with slightly larger, partially calcified claspers, that reached (or 
slightly protruded) the posterior edge of the pelvic fins were classified as ‘adolescent’ (Fig. 2.10b); 
manta rays with large, completely calcified claspers that extended well beyond the posterior edge 
of the pelvic fins were classified as ‘mature adult’ (Fig. 2.10c, d).  
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Figure 2.10: Features used to determine age class of male manta rays, a) Juvenile male with 
boxed inset showing small, un-calcified claspers, b) adolescent male with boxed inset 
showing slightly larger claspers that sit flush with posterior edge of pelvic fins, c) and d) 
examples of mature adult males with boxed areas highlighting large, fully calcified 
claspers protruding past edge of pelvic fins. 
Females were classified using a combination of the following factors; estimated disc width (DW), 
the presence of reproductive scars on the tip of the pectoral fins, or the presence of an umbilical 
scar on the ventral surface. Females were classified as ‘mature adult’ when reproductive scars 
were visible, they had been observed pregnant prior to, or during, the present study, or if they 
had a DW of over 3.5 m (Fig. 2.11). Females without any apparent reproductive scars or past 
observations of pregnancy, which had a DW of between 2.5 m and 3.5 m were classified as 
‘adolescent’ (Fig. 2.11), and individuals with a visible umbilical scar, or estimated DW of less than 
2.5 m were classified as ‘juvenile’ (Fig. 2.11b). For a number of individuals, distinguishing features 
 )                                                                      
 
)                                                                      
 
 )                                                                      
 
 )                                                                      
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were not visible to the observer during the interaction, or in ID photos or footage, therefore age 
class was recorded as ‘not determined (ND)’. Due to the nature of the present study, precise 
measuring of each individual was not practical; hence disc width was visually estimated in 
proportion to swimmer size (Fig. 2.12).  
 
Figure 2.11: Features used to determine age class of female manta rays, a) mature adult female, 
note the lack of claspers extending from pelvic fins, b) juvenile female with boxed inset 
showing visible umbilical scar on ventral surface (photo courtesy of F. McGregor), c) 
pregnant female with visible bulge in the abdominal region (photo courtesy of F. 
McGregor), d) example of visible reproductive scars on dorsal surface of pectoral fin. 
ID photos of M. alfredi individuals sighted in this study were visually compared with an existing 
photographic catalogue of sightings dating from 2004 to June 2012 (McGregor, 2012), to 
determine whether or not individuals had been sighted previously.  The catalogue is maintained 
by the Murdoch University Research Station, Coral Bay, and the ID photos included in the 
catalogue were collected by commercial operators. Over 700 identified individuals are listed; each 
assigned a reference consisting of a letter signifying the sex of the manta ray and a unique 
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number to enable individual identification. Some individual manta rays have also been assigned a 
nickname to assist with animal familiarisation. ID photos in this study were taken by either the 
lead swimmer or the principal observer, using a Canon PowerShot G15 digital camera in a Canon 
WP-DC48 underwater housing, or taken as still images from the GoPro footage when possible.  
 
Figure 2.12: Swimmer free-diving adjacent to manta ray, swimmer size can be used to estimate 
the approximate disc width of M. alfredi individuals.  
All Coral Bay based tour vessels conducted manta ray interactions in the same area at 
approximately the same time each day and maintained radio contact with each other and the 
pilot of the spotter plane. This made it possible to visually determine and record, for the majority 
of manta rays, whether or not the observed swim group was the first to interact with that 
particular manta ray on that particular day. 
2.6 Environmental conditions 
A range of environmental conditions were recorded during or post interaction. Sea surface 
temperature was determined using a calibrated Suunto Zoop dive computer worn on the wrist of 
the observer during the interaction. Turbidity was initially measured post-interaction using a 
Secchi disk deployed from the tour vessel. However, due to the shallow nature of the bay and 
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generally low levels of turbidity in the water column, this was determined to be a poor 
representation of the visibility, and it was decided that a rating system should be used instead. 
Visibility was scored between one and five by the principal observer during the interaction, with a 
lower score denoting better visibility (see Fig. 2.13). A depth reading was obtained using the 
depth sounder aboard the tour vessel, and recorded along with the GPS position and general 
location of each interaction. As Coral Bay did not have a weather station at the time of data 
collection, in situ wind speed and direction was estimated by the skipper of the vessel at the time 
of the interaction and checked using weather readings from the closest automated weather 
station, which was located in Carnarvon (Australian Bureau of Meteorology station 006011) 
(Australian Bureau of Meteorology, 2013). Swell and tide height at the time of each interaction 
were obtained from Seabreeze using Gnaraloo weather readings (Seabreeze, 2013). 
 
Figure 2.13: Examples of different visibility conditions and corresponding visibility ratings used in 
this study. 
 1               2               3 
 4               5               3 
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2.7 Participant-related factors 
Standard tours included a preliminary snorkel prior to the manta ray interaction, to enable 
participants to familiarise themselves with both the snorkel equipment and the local marine 
environment. During this snorkel the total number of participants was recorded, along with the 
overall combined competency of the participants. Competency was determined as a percentage, 
calculated by the observer using the number of participants that used foam flotation noodles, or 
remained in permanent contact with the vessel by holding on to a rope attached to the stern. For 
example if 4 out of 20 participants required a flotation noodle during the preliminary snorkel, 
competency was recorded as 80%.  
Time in and out for each interaction was recorded by the observer, and used along with video 
footage to determine the duration of each interaction. Swim group sizes depended on the total 
number of participants each day. If numbers exceeded ten, participants would be split into two 
separate swim groups, each given a relatively equal amount of interaction time with the manta 
ray/s. The number of swim groups and number of swimmers in each group were recorded for 
each interaction, and any change in the number of swimmers in the water at any time was noted. 
The average amount of surface splashing produced by the swim group during the interaction was 
assigned a rating between one and five, with a higher rating representing an increased amount of 
splashing.   
Three different strategies were commonly used by the tour operators in order to place swim 
groups in the water to initiate an interaction. For each interaction the approach strategy was 
classified as either ‘swimmer first’, ‘entire group’ or ‘group already in water’ (Table 2.1). If the 
interaction was a ‘handover’ from another tour vessel, i.e. a swim group from another tour 
operator had been interacting with the manta ray immediately prior to the swim group entering 
the water, this was also recorded.  
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Table 2.1: Description of different approach strategies used by tour operators when initiating an 
interaction with a manta ray. 
Approach Strategy Description 
Swimmer first Vessel drops the lead swimmer close to the manta ray, who is then directed 
to its exact position; the swimmer raises their arm when they can see the 
manta ray. The vessel then re-positions the swim group within a reasonable 
distance of the swimmer, and group is placed in the water and directed 
towards the swimmer with his/her arm in the air. 
 
Entire group Vessel drops the entire group (including the lead swimmer) into the water at 
the same time. The swim group is directed towards the manta ray, with the 
swimmer raising his/her arm upon sighting the manta ray.  
 
Group already in 
water 
When a manta ray was sighted by a swim group that is already in the water. 
Handover Lead swimmer from other vessel follows manta ray with arm raised in the 
air; lead swimmer is dropped close to other lead swimmer and raises their 
arm when they too can see the manta ray. Lead swimmer from the other 
vessel ceases to follow the manta ray, and the vessel then re-positions the 
swim group within a reasonable distance of the lead swimmer, and directed 
towards the swimmer with his/her arm in the air. 
2.8 Post interaction survey 
Following the interaction, participants were asked to complete a verbal survey, which consisted 
of seven questions (see Appendix A). The first question asked participants to rate their confidence 
in the marine environment on a scale of one to ten. The following six questions were designed to 
gain the participants perception of certain aspects of the interaction, including duration, in-water 
crowding due to the amount of people in swim groups, disturbance to the manta rays, and 
education; responses were obtained using a five point Likert scale. 
2.9 Habitat usage and location of interactions 
A preliminary impression of manta ray habitat usage in Bateman Bay was created using the GPS 
coordinates and general location recorded for each interaction, combined with the corresponding 
behavioural state of the manta ray/s observed during that particular interaction. This provided 
insight into how manta rays used each different location within Bateman Bay during the course of 
this study. The GPS coordinates for each interaction observed in this study, as well as GPS 
coordinates of interactions which occurred during 2012 and 2013 on the tour vessel Utopia were 
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plotted onto satellite images of Bateman Bay in order to determine the most common locations 
of interactions, and establish whether interactions are occurring in areas indicative of critical 
habitat.  
2.10 Statistical analyses 
Data were entered into a Microsoft Excel 2010 database, and statistical analyses were carried out 
in IBM SPSS Statistics Version 21.0. A Chi-squared (χ2) Goodness of Fit test was used to test for 
bias in the female : male sex ratio, the hypothesis tested was the probability that the number of 
males and females sighted were equal. Independent sample t-tests were conducted to determine 
whether a difference existed between means of certain variables for ‘response’ interactions 
(interactions during which a behavioural response was exhibited by the manta ray) and ‘no 
response’ interactions (interactions during which no behavioural response was exhibited by the 
manta ray). Levene’s test was used to assess the equality of variances of the groups tested.  
Analysed variables included visibility rating, depth, wind speed and direction, swell height, as well 
as number of participants, participant competency, splash rating and duration of interactions. 
Regression analysis was conducted to determine whether any of the following factors were a 
significant predictor for splash rating: wind speed and direction, swell, number of participants, 
participant competency and initial behavioural state of the manta ray.  
It should be noted that on six occasions a single observer entered the water in order to take an ID 
photo of a manta ray; these data were not included in the ‘response to swim group interaction’ 
analysis as there was no interaction with a swim group, however it was included in the ‘response 
to ID photo attempt’ analysis. On a single occasion a manta ray that had not had a previous 
interaction with a swim group that particular day was sighted at the surface in close proximity to 
the tourist vessel, this observation was included in the ‘response to tour vessel’ analysis only even 
though no interaction with tourists occurred. 
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Pearson correlation coefficients (r) were calculated to determine whether a significant correlation 
existed between the following variables and related post-interaction survey responses; the 
number of people in the swim group and participant responses to survey question 3 (“I felt there 
were too many people in the swim group”); the proportion of manta rays which had exhibited a 
behavioural response and participant responses to survey question 4 (“I felt our presence in the 
water disturbed the manta/s”); the proportion of manta rays which had exhibited a behavioural 
response and participant responses to survey question 5 (“The experience met my 
expectations”); and the number of interactions and participant responses to survey question 5 
(“The experience met my expectations”). Significance for all statistical tests were set at p < 0.05, 
all means are expressed ± 1 standard error (SE).  
2.11 Permits and approval of ethics committees 
All necessary permits were obtained for this study. Work was conducted under permit from the 
Department of Parks and Wildlife, formally the Department of Environment and Conservation 
(SF009211), and under approval from the Murdoch University Animal Ethics Committee 
(O2572/13) and the Murdoch University Human Research Ethics Committee (2013/063). No 
animal was caught, handled or removed from its natural habitat for the purpose of this study. 
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3.0 Results 
3.1 Sample characteristics 
3.1.1 Manta ray sightings  
Over the course of the study period a total of 98 manta rays were sighted. Of these manta rays 65 
(66.3 %) were female, 24 (24.5 %) were male, and nine (9.2 %) were of undetermined sex. Among 
the females 78.5 % were considered to be sexually mature adults, 9.2 % adolescents, 3.1 % 
juveniles, and for 9.2 % of females age class was undetermined (ND). Similarly, of the sighted 
males 75 % were considered to be sexually mature adults, 8.3 % adolescents and 16.6 % juveniles 
(Table 3.1). The female : male sex ratio of sighted individuals was significantly biased towards 
females (2.71 : 1.0, χ2 = 18.89 , d.f. = 1, p < 0.01).  
Table 3.1: Sex and age class of manta rays sighted in Bateman Bay during the study period (ND= 
not determined).  
 
Sex Adult Adolescent Juvenile ND Total 
Female 51 6 2 6 65 
Male 18 2 4 0 24 
ND 0 0 0 9 9 
Total 69 8 6 15 98 
 
55.1 % of individuals had been previously identified within the Ningaloo Marine Park, and 19.4 % 
of sighted manta rays were a new addition to the catalogue (i.e. had not been sighted between 
2004 and June 2012) (Table 3.2). The new-resight ratio was lower for males than females, with 
ratios of 1 : 4 and  1 : 2.5, respectively, indicating that there were proportionately fewer new 
males than females.  
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Table 3.2: Number of new and resighted manta ray individuals identified in Bateman Bay during 
the study period. ‘No ID photo’ column represents individuals of which no usable 
identification photo was obtained (ND= not determined).  
 
Sex Resight New No ID photo Total 
Female 38 15 12 65 
Male 16 4 4 24 
ND 0 0 9 9 
Total 54 19 25 98 
 
The number of manta rays sighted per trip ranged from 1 to 6, with a mean of 2.72 manta rays (± 
0.23); this did not include the two occasions on which large feeding aggregations were observed 
at North Reef.  
14 manta rays were re-sighted multiple times during the course of the study. Of these re-sighted 
individuals 11 were female and three male, with two of the females being new additions to the 
catalogue. The three most frequently sighted manta rays were recognised as resident adult 
females from the photo ID catalogue (McGregor, 2012); F8 (Isobel) who was sighted a total of six 
times during the months of April, June and July, F18 (Whoopi) who was sighted four times during 
June and July, and F601 who was sighted three times in April, June and July (Table3.3). 
Table 3.3:  Number of sightings and dates sighted for female and male manta ray individuals 
which were re-sighted on multiple occasions during the study period.  
 
Sex Manta ID Number of 
sightings 
Dates sighted 
Female F8 Isobel 6 16/04/2013, 21/04/2013, 22/04/2013, 26/06/2013, 
30/06/2013, 13/07/2013 
F18 Whoopi 4 20/06/2013, 09/07/2013, 16/07/2013, 22/07/2013 
F601 3 17/04/2013, 28/06/2013, 12/07/2013 
F223 2 30/06/2013, 19/07/2013 
F69 2 13/04/2013, 01/05/2013 
F26 2 28/06/2013, 29/06/2013 
F369 2 20/06/2013, 08/07/2013 
F40 2 13/04/2013, 18/04/2013 
NEW 2 12/07/2013, 13/07/2013 
NEW 2 30/06/2013, 01/07/2013 
F49 2 18/04/2013, 21/06/2013 
 
Male M290 2 27/06/2013, 10/07/2013 
M580 2 30/06/2013, 18/07/2013 
M6 Kenny 2 15/04/2013  28/06/2013 
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3.1.2 Human interactions 
A total of 394 tourist participants were observed during 91 in-water group interactions with 
manta rays in Bateman Bay. Daily participant numbers ranged from 4 to 19, with a mean of 10.94 
(± 0.72); participant competency ratings ranged between 50 and 100 %, with a mean of 89.3 % (± 
2.19).  
3.2 Initial behavioural state of manta rays  
The most common pre-interaction behavioural states observed were barrel rolling, cruising and 
line feeding, which accounted for 26 %, 24 %, and 20 % of manta ray sightings, respectively. 14 % 
of manta rays were initially observed to be exhibiting cleaning behaviour whilst on a cleaning 
station, and a small proportion of manta rays were observed as part of a mating chain (7 %), 
searching for food (6 %) or surface feeding (3%) (Fig. 3.1). Collectively, 49 % of manta rays were 
observed to be exhibiting some form of active feeding behaviour prior to the initiation of an 
interaction.   
 
Figure 3.1: Percentage composition of initial behavioural states exhibited by manta rays observed 
during the study period.  
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3.3 Behavioural responses of manta rays to swim group interactions 
3.3.1 Frequency and forms of behavioural responses to swim group 
interactions 
Behavioural responses were exhibited by manta rays during 34.1 % of observed interactions with 
swim groups. A total of 31 manta rays exhibited a behavioural response to a swim group 
interaction, and 60 manta rays were not observed to exhibit a response. Manta rays displayed 
various forms of behavioural responses during swim group interactions. Each response consisted 
of one or more behavioural actions; therefore the total number of occurrences in Figure 3.2 is 
higher than the total number of manta rays which displayed a response. The most frequent form 
of response was an increase in speed, which was exhibited on 17 occasions. Ten manta rays 
changed their behavioural state from feeding to a non-feeding behaviour such as cruising or 
searching for food, and five left the area of a cleaning station. On two occasions a pair of manta 
rays that was feeding or swimming together split apart and swam in separate directions, two 
changed swimming direction in order to turn away from the swim group, two rapidly increased 
their swimming speed and fled from the immediate area, and on two occasions a male decreased 
the distance between himself and a female (from approximately 1 - 2 m behind the female to < 
50 cm) while engaged in a mating chain (Fig. 3.2). On five occasions during an interaction the 
manta ray exhibited what was considered to be an inquisitive response, which involved the manta 
ray turning so that its ventral surface faced the swim group for between 15 and 30 seconds, 
enabling the manta ray to properly see the group, then resuming its original behaviour (Fig. 3.2a).  
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Figure 3.2: Number of occurrences of different forms of behavioural responses of manta rays to 
swim group interactions, a) Photo inset showing a manta ray turning upside down to 
face ventral surface towards swim group.  
3.3.2 Influence of biological and social attributes  
Manta rays were divided according to different biological or social attributes, such as sex, age 
class, whether the individual was new or resighted, and whether it was the first or subsequent 
interaction with that individual for that day; percentages of manta rays which did and did not 
exhibit a response were calculated for each different category. Male and female manta rays had 
very similar rates of response (29.2 % and 28.8 % respectively), as did new and resighted manta 
rays (31.3 % and 25.5 % respectively) (Table 3.4). A slight difference was found between different 
age classes, with adolescent and juvenile mantas having lower response rates than mature adults 
(16.7 % compared to 29.2 %), though the small sample sizes of adolescents and juveniles must be 
taken into account (Table 3.4). Manta rays had a marginally lower response rate if the interaction 
was their first for the day, compared to the response rate of manta rays that had already been 
involved in an interaction, 32.4 % compared to 45.5 % (Table 3.4).  
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Table 3.4: Percentage of manta rays that did or did not exhibit a behavioural response to swim 
group interactions, separated by certain biological and social attributes. 
Attribute Response No response 
Sex Female                  28.8 % 71.2 % 
 Male 29.2 % 70.8 % 
Age Class Adult 29.2 % 70.8 % 
 Adolescent                  (n=6) 16.7 % 83.3 % 
 Juvenile                        (n=6) 16.7 % 83.3 % 
New or resighted New 31.3 % 68.7 % 
 Resight 25.5 % 74.5 % 
First interaction Yes 32.4 % 67.6 % 
 No 45.5 % 54.5 % 
 
It should be noted that a select few individuals, generally regularly encountered resident females, 
never exhibited a behavioural response during an interaction, and showed no apparent reaction 
to the presence of a swim group, even when within 1 m of a swimmer.  
3.3.3 Influence of initial behavioural state  
Response rate of manta rays based on their initial behavioural state indicated that manta rays 
that were initially searching for food or line feeding had the lowest response rates, of 16.7 % and 
20.0 % respectively. 33 % of surface feeding individuals displayed a behavioural response, and 
mantas on cleaning stations had a response rate of 38.5 %. The remaining behavioural categories 
(barrel rolling, cruising and mating chain) had relatively similar response rates (40.0 %, 41.2 % and 
42.9 %, respectively) (Fig. 3.3).  
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Figure 3.3: Behavioural response rate of manta rays to swim group interactions depending on 
initial behavioural state.  
3.3.4 General observations of larger feeding aggregations 
On three occasions during late April/early May interactions occurred at North Reef which 
involved approximately 40 to 50 individuals in a large feeding aggregation. Manta rays were 
observed to be barrel-rolling and surface feeding in close proximity to one another as well as the 
swim group. Due to the large number of manta rays in a relatively small area and the nature of 
their behaviour, it was not possible to clearly define single interactions with specific individuals, 
therefore general observations of behaviour and responses were recorded instead. Manta rays 
generally showed no apparent behavioural responses to the presence of the group and continued 
feeding even within 50 cm of a participant, with the exception of changing their path or stopping 
mid-roll if they were going to directly collide with a member of the swim group or another manta 
ray. Following this, manta rays would immediately resume feeding in the same area.  
 
3.3.5 Influence of environmental and participant-related factors 
Response rates varied for the three different approach strategies employed by the tour operators 
to place swim groups in the water when initiating an interaction. Response rates were higher for 
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‘entire group’ interactions at 47.4 %, compared to ‘swimmer first’ (28 %) and ‘already in’ (11.6 %) 
interactions (Fig. 3.4).  
 
Figure 3.4: Behavioural response rate of manta rays to different approach strategies employed by 
tour operators. 
Independent sample t-tests were used to determine whether a significant difference existed 
between means of environmental and participant-related factors for ‘response’ and ‘no response’ 
interactions. No significant difference was found between the means of any of the environmental 
factors tested (wind speed and direction, swell height, tidal height, depth, water temperature, 
turbidity).  
A significant difference was found for two of the analysed participant-related factors: splash 
rating (t89 = -2.995, p = 0.004), and duration of interaction (t88 = 2.167, p = 0.033). Equality of 
variances were tested using Levene’s test (p = 0.364 and p = 0.523, respectively). The mean splash 
rating of ‘response’ interactions was 2.48 (± 0.17), which was higher than that of ‘no response’ 
interactions, which had a mean rating of 1.90 (± 0.11) (Fig. 3.5). None of the participant or 
environmental factors tested was found to be a significant predictor of splash rating. The mean 
duration of ‘response’ interactions was found to be less than ‘no response’ interactions, 14.99 
minutes (± 1.23) compared to 9.78 minutes (± 1.45) (Fig. 3.6). No significant difference was found 
for the two remaining participant-related variables, number of people and competency.  
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
Swimmer first Entire group Already in
Pe
rc
en
ta
ge
 o
f m
an
ta
 ra
ys
 
Approach strategy 
No response
Response
54 
 
 
 
 
 
3.4 Behavioural responses to tour vessels 
3.4.1 Frequency and forms of behavioural responses to tour vessels 
Behavioural responses to the tour vessel were observed for 15 (15.3 %) individuals, whereas 83 
(84.7 %) individuals showed no apparent response. Of the 15 that exhibited a response eight 
were female, four male, and three of undetermined sex. The most common form of behavioural 
response was a change in direction to avoid the vessel, which occurred on five occasions, 
followed by a change in direction to avoid the shadow of the vessel on the sea bed, which was 
observed on three occasions (Table 3.5). Three manta rays originally swimming at the surface 
dived to mid-water when in close proximity to the vessel, two left the area of a cleaning station 
and one manta changed its behaviour from feeding to cruising. One manta ray which was cruising 
at the surface, turned upside-down and swam from the bow to the stern of the vessel visually 
assessing the vessel (Table 3.5). Analysis of biological and social attributes, behavioural state and 
environmental or participant related factors was not conducted due to the small sample size of 
manta rays that exhibited a behavioural response to the tour vessel.  
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Figure 3.5: Mean (± SE) splash rating assigned 
during interactions in which a response 
did or did not occur. 
Figure 3.6: Mean (± SE) duration (minutes) of 
interactions in which a response did or 
did not occur. 
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It should be noted that a number of manta rays were observed to swim directly under a vessel 
during an interaction, seemingly not disturbed in any way by its presence. Recreational vessels 
were also observed interacting with manta rays on several occasions; at times recreational 
vessels and swimmers were witnessed acting inappropriately whilst interacting with individuals, 
i.e. not complying with the recommendations described in the CC.  
Table 3.5: Different behavioural responses to tour vessels exhibited by females, males and manta 
rays of undetermined sex (ND= not determined).  
Type of response Female Male ND Total 
Turned to avoid vessel 3 2 0 5 
Turned to avoid shadow 2 1 0 3 
Dived to mid water 2 1 0 3 
Left cleaning station 0 0 2 2 
Stopped feeding and fled 1 0 0 1 
Turned to look at vessel 0 0 1 1 
Total 8 4 3 15 
3.5 Behavioural responses to identification photo attempts 
3.5.1 Frequency and forms of behavioural responses to identification photo 
attempts 
An ID photograph was obtained for 77 of the 98 individual manta rays sighted during the study. 
Of the 77 manta rays photographed, 37 (48.1 %) exhibited a behavioural response to the ID photo 
attempt, and 40 (52.9 %) did not exhibit a response. Manta rays displayed a number of different 
behavioural responses to ID photo attempts. Each response consisted of one or more behavioural 
actions; therefore the total number of occurrences in Figure 3.7 is higher than the total number 
of individual manta rays that exhibited a response. The most frequently observed response was 
the manta ray turning away from the photographer which occurred during 22 attempts; manta 
rays banked sharply upwards on 20 attempts (Fig. 3.7). On 13 attempts, banking upwards and 
turning away occurred concurrently during an individual’s response. Less common actions 
included the manta ray turning so that its ventral surface faced the photographer, enabling the 
manta ray to visually assess the disturbance, which occurred during eight responses and a short, 
rapid burst of speed to avoid or escape the photographer was observed on six occurrences. These 
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responses were generally short-lived and manta rays resumed their original behaviour soon 
afterwards. An increase in swimming speed was observed on three occurrences; leaving the area 
of a cleaning station also on three occurrences; and a single manta ray changed behaviour from 
barrel rolling (active feeding) to cruising (Fig. 3.7). 
 
Figure 3.7: Number of occurrences of different forms of behavioural responses exhibited by 
manta rays to identification photo attempts.  
3.5.2 Influence of biological and social attributes  
Manta rays were divided into categories according to different biological or social attributes, such 
as sex, age class, new or resighted individuals, and whether it was a mantas first or subsequent 
interaction for that day, and percentages of manta rays which did and did not exhibit a response 
were calculated for each different category. Male and female manta rays had similar response 
rates to photo ID attempts (42.9 % and 50.0 % respectively), as did new and resighted manta rays 
(42.1 % and 49.0 % respectively). No difference in response rate was observed depending on 
whether or not the manta ray had already been involved in an interaction that day, 50.0 % 
compared to 44.4 %. The only apparent difference was between different age classes, with 
adolescent and juvenile manta rays having lower response rates than mature adults (33.3 % 
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compared to 50.8 %), although the small sample sizes of adolescents and juveniles must be taken 
into consideration (Table 3.6).  
Table 3.6: Percentage of manta rays that did or did not exhibit a behavioural response to ID photo 
attempts, separated by certain biological and social attributes (ND= not determined). 
Attribute Response No response 
Sex Female                  50.0 % 50.0% 
 Male 42.9 % 57.1 % 
Age Class Adult 50.8 % 49.2 % 
 Adolescent                  (n=6) 33.3 % 66.7 % 
 Juvenile                        (n=6) 33.3 % 66.7 % 
New or resighted New 42.1 % 57.9 % 
 Resight 49.0 % 51.0 % 
First interaction Yes 50.0 % 50.0 % 
 No 44.4 % 55.6% 
 
3.5.3 Influence of behavioural state  
Response to an ID photo attempt was affected by the initial behavioural state of the manta ray. 
80 % that were cleaning or searching for food exhibited some sort of behavioural response, 
although the small sample size for ‘searching for food’ must be considered. Cruising and line 
feeding mantas had relatively high response rates of 66.7 % and 57.1 %, respectively. 50 % of 
surface feeding individuals and 33.3 % that were in a mating chain exhibited a response; the small 
sample sizes of these categories must also be considered. Barrel rolling manta rays had the lowest 
response rate to photo attempts, with a response exhibited by only 9.1 % of individuals (Fig. 3.8). 
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Figure 3.8: Response rate of manta rays to ID photo attempts depending on their behavioural 
state at the time of the attempt. 
3.5.4 Influence of ID photo approach 
Several different approaches were utilised by the photographer to capture ID photos; each 
different approach resulted in a different rate of response. Photos taken from behind manta rays 
whilst barrel rolling resulted in the lowest response rate of 11.1 %.  Approaching from side on, 
underneath and in-front of manta rays resulted in response rates of 56.0 %, 66.7 % and 77.8 %, 
respectively. Both ‘side on towards front’ and ‘side on towards rear’ approaches provoked 
responses from 100 % of manta rays, however the very small sample sizes of these groups should 
be taken into account (Fig. 3.9). 
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Figure 3.9: Percentage of manta rays that exhibited a behavioural response to different 
approaches used when taking identification photos. 
3.5.5 Cleaning stations 
It is important to note that as a response to the tour vessel, swim group interaction or ID photo 
attempt, 9 out of 14 (64.29 %) manta rays that were observed on a cleaning station left the 
immediate area of the cleaning station and did not return within the observation period. 
3.6 Post-interaction participant survey 
A total of 248 participants (62.9 % of all participants) completed the post-interaction survey (see 
Appendix A). Question one asked participants to rate their general confidence in the ocean on a 
scale of one to ten, one representing ‘not at all’ and ten representing ‘very confident’. 85.5 % of 
surveyed participants rated themselves at seven or above, with 30.6 % rating themselves as very 
confident (Table 3.7).  
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Table 3.7: Percentage of total participant self-ratings of their general confidence in the ocean,  
1 = not at all confident, 10 = very confident.  
Rating  1 2 3 4 5 6 7 8 9  10 
Percentage of participants 
(%) 
0.4 0.0 2.4 2.4 5.6 3.6 14.4 21.4 19.4 30.6 
 
Data collected during post-interaction surveys showed that 96.4 % of participants agreed that 
they were able to clearly see the manta ray/s during their interaction (24.6 % agreed, 71.8 % 
strongly agreed), and 92.3 % of those surveyed felt that they had swum with the manta ray/s for 
a sufficient amount of time, with the median response to both questions being ‘strongly agree’ 
(Table 3.8).  
 
A total of 84.3 % disagreed (49.2 % disagreed, 35.1 % strongly disagreed) that the presence of the 
swim group disturbed the manta ray/s, although a number commented that they had felt the 
manta/s were aware of their presence.  
 
94.7 % of surveyed participants agreed that the experience had met their expectations (26.2 % 
agreed, 68.5 % strongly agreed), and 87.5 % of participants agreed that they had learned 
something on the tour that they had not known previously about manta rays (33.9 % agreed, 53.6 
% strongly agreed) (Table 3.8). 
 
69.3 % of participants did not feel that there were too many people in their swim group during 
the interaction (28.7 % disagreed, 40.6 % strongly disagreed) with the median response being 
‘disagree’; however a positive correlation between the number of people in the swim group and 
the participant scores for this question was found to be significant (Pearson’s r = 0.489, df = 259, 
p < 0.001) (Fig. 3.10). The number of people in the swim group only exceeded ten (the number 
recommended in the CC) on 14.3 % of interactions.  
 
No significant correlation was found between the proportion of mantas that showed a 
behavioural response and participant perception of disturbance (responses to question four) 
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(Pearson’s r = 0.095, df = 246, p= 0.138), or between the proportion of manta rays that showed a 
behavioural response and whether the experience had met the expectations of participants 
(Pearson’s r = 0.030, df = 246, p= 0.644). Additionally no significant correlation was found 
between the number of interactions and whether the experience met participants’ expectations 
(Pearson’s r = -0.033, df = 246, p= 0.609). 
 
Table 3.8: Percentages and median score of participant answers to post-interaction survey 
questions. 
Question Strongly 
disagree 
Disagree Neither agree 
nor disagree 
Agree Strongly 
Agree 
Median 
1. I was able to clearly see the manta 
ray/s 0.0 % 1.6 % 2.0 % 24.6 % 71.8 % 
Strongly 
agree 
2. I felt that I swam with the manta 
ray/s for a sufficient amount of time 0.0 % 2.8 % 4.8 % 25.8 % 66.5 % 
Strongly 
agree 
3. I felt there were too many people in 
the swim group 40.6 % 28.7 % 8.0 % 18.8 % 3.8 % Disagree 
4. I felt our presence disturbed the 
manta ray/s 49.2 % 35.1 % 9.3 % 6.0 % 0.4 % Disagree 
5. The experience met my 
expectations 0.0 % 1.6 % 3.6 % 26.2 % 68.5 % 
Strongly 
agree 
6. I learned things about manta rays 
on this trip that I didn’t know before 0.0 % 6.9 % 5.6 % 33.9 % 53.6 % 
Strongly 
agree 
 
 
 
Figure 3.10: Number of people in the swim group and corresponding median responses of 
participants to the statement “I felt there were too many people in the swim group”  
(1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = 
strongly agree).  
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3.7 Habit usage of Bateman Bay and location of interactions 
During the course of this study manta rays were observed at eight distinct locations within 
Bateman Bay (Fig. 3.11). These locations are commonly referred to by tour operators and form 
the majority of key locations attached to the on-going photo ID records (McGregor, 2012). Using 
the GPS co-ordinates of each interaction, along with the observed behavioural states, it was 
possible to summarise the habitat usage of manta rays within Bateman Bay during the study 
period. All manta rays observed at North Reef were undertaking one of three active feeding 
behaviours, predominantly line feeding or barrel rolling. Over 60 % of manta rays observed at 
Palm Tree and Mid-bay were feeding, and on the majority of these occurrences were barrel 
rolling. Approximately 50 % of the manta rays that were sighted at Mauds Beach, Sponge Gardens 
and Pylons were found to be feeding or searching for food (Fig. 3.11). A large proportion of manta 
rays sighted on the Sandflats were cruising (80 %), with cruising manta rays were also commonly 
observed at Pylons. Cleaning was observed only at North Reef Cleaning Station and Sponge 
Gardens, both of which are known cleaning stations, and a small proportion of sightings were of 
mating chains at Palm Tree, Mauds Beach and Mid-bay (10 %, 13 %, and 18 % respectively). Palm 
Tree appeared to have the most generalised usage of all the locations, with the highest diversity 
in behaviours observed at this location; mantas were observed utilising all three feeding 
behaviours: searching for food, cruising and in mating chains. Palm Tree also had the highest 
number of sightings (n = 21), followed by Mid-bay (n = 17) and Mauds Beach (n = 15) (Fig. 3.11). 
Plotted GPS co-ordinates of interactions observed during this study, as well as from two 
consecutive years of tour operator records (Ningaloo Marine Interactions, 2012 and 2013) 
indicate that manta ray interactions occur consistently in the same general areas within Bateman 
Bay. Tour operator records show that the majority of interactions occur in the southern region of 
the bay between Point Maud and Palm Tree, within approximately 2 km of the shoreline (Fig. 
3.12b and 3.12c). Additionally, a small number of interactions occur in the mid-bay area and on 
the Sandflats north-west of Point Maud, as well as at North Reef Drop-off and Cleaning Station, 
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which is situated on the northern edge of Cardabia Passage (Fig. 3.12). The location of 
interactions observed in the present study showed no deviation from these general areas (Fig. 
3.12a). During this study, interactions that occurred at North Reef Drop-off consisted of a larger 
number of individuals (up to 50) feeding simultaneously and in close proximity to each other.  
 
Figure 3.11: Percentage of manta rays observed in different behavioural states at eight different 
locations within Bateman Bay.  
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Figure 3.12: GPS positions of manta ray interactions plotted on a satellite image of Bateman Bay, 
a) interactions observed in the present study, b) interactions that occurred on the tour 
vessel Utopia during 2012, c) interactions that occurred on the tour vessel Utopia 
between January and August 2013, outside of the present study period.  
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4.0 Discussion  
4.1 Manta ray behaviours 
Four of the seven behaviours identified in this study, namely barrel rolling, line feeding, surface 
feeding and searching for food, are yet to be described in published literature. Three of these 
behaviours were determined to be different methods of active feeding, distinguished by the 
unfurled and funnel-like positioning of the cephalic fins, widely opened mouth and branchial slits 
and expansion of the orobranchial cavity, which are postures indicative of feeding in mobulids 
(Notarbartolo-di-Sciara and Hillyer, 1989; Sanderson and Wassersug, 1990; Couturier et al., 2012; 
Gadig and Neto, 2013). The clear difference in the nature of these three behaviours demonstrates 
the ability of manta rays to adapt their feeding strategy depending on the distribution of 
zooplankton in the water column, which has previously been commented on by Couturier et al. 
(2012). The looping motion of barrel rolling enables manta rays to feed more efficiently on areas 
of densely concentrated prey, by continuously passing over the same point in the water column, 
whereas surface feeding permits the ingestion of large quantities of zooplankton that can collect 
at the surface of the water, and line feeding facilitates feeding on prey which has filtered down 
through the water column to rest on the sea bed. Manta rays have also been reported feeding 
mid-water in a similar manner to surface feeding (Jaine et al., 2012), as well as co-operative 
feeding in a cyclonic formation of many individuals (Law, 2010; Gadig and Neto, 2013).  
Approximately half of the manta rays sighted in this study were undertaking some form of 
feeding behaviour, indicating that Bateman Bay is an important foraging area for the Ningaloo 
population. Manta rays exhibited several different feeding strategies, and were observed at times 
in large feeding aggregations, as well as searching for food. This suggests a fluctuating availability 
of their food source in Bateman Bay throughout the year, as well as a variable distribution of 
zooplankton throughout the water column, which was previously noted by McGregor et al. 
(2008). Zooplankton distribution in the ocean is typically recognised as patchy and highly variable 
(Fasham, 1978; Omori and Hamner, 1982; Wilson et al., 2002), and local concentrations are 
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known to be driven by physical processes such as tides, currents, and upwellings (Pinel-Alloul, 
1995; Taylor and Pearce, 1999; Wilson et al., 2003) as well as biological processes (Folt and Burns, 
1999).  Manta rays have thus adapted to utilise a number of different feeding behaviours in order 
to optimally exploit a highly variable and somewhat unreliable food source.  
A small proportion of manta rays were observed visiting cleaning stations located within Bateman 
Bay. Manta rays are known to regularly visit cleaning stations located on inshore reefs at various 
locations around the world; sometimes spending considerable amounts of time at these stations, 
and exhibiting a degree of fidelity to specific sites (Dewar et al., 2008; Marshall, 2008; O'Shea et 
al., 2010). The behaviour observed in manta rays whilst visiting a cleaning station was consistent 
with previously described cleaning behaviour (de Rosemont, 2008; O'Shea et al., 2010; Jaine et 
al., 2012). 
Manta rays were commonly observed cruising, most likely travelling between feeding and 
cleaning sites. Cruising behaviour was equivalent to previous descriptions (Notarbartolo-di-Sciara 
and Hillyer, 1989; Jaine et al., 2012), as was courtship behaviour which involved mantas engaged 
in mating chains (Yano et al., 1999; Marshall and Bennett, 2010b). Mating chains only accounted 
for a small proportion of observed behaviours, however, this may be due to the timing of data 
collection periods, as courting behaviour is more commonly observed in Ningaloo between the 
months of June to November (McGregor et al., 2008), and data for the present study were only 
collected up until July. Exclusive periods of courtship and mating behaviour have been previously 
reported for other M. alfredi populations, for example in Mozambique, where courtship 
behaviours were observed between October and January (Marshall and Bennett, 2010b), and in 
Hawaii, where mating chains were significantly more likely to be observed in the winter period 
(November to April) (Deakos, 2012).  
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4.2 Behavioural responses to tourist interactions 
A behavioural response was observed during approximately one third of all manta ray 
interactions. The tour operators observed in this study voluntarily adhered to the Code of 
Conduct for Manta Ray Interactions (CC) designed to minimise disturbance to the manta ray 
population. These results therefore represent the level of short-term responses induced by 
compliant operators. The efficiency of the CC in minimising disturbance to manta rays remains 
unknown, since the long-term implications of short-term behavioural changes are yet to be 
determined, as are compliance levels of operators not observed in this study. Given this 
uncertainty, and the shortcomings of voluntary codes of conduct for marine tourism elsewhere 
(e.g. Scarpaci et al., 2003; Garrod and Fennell, 2004; Allen et al., 2007), it is recommended that all 
operators be required to adopt a mandatory code of conduct to ensure consistency across the 
industry that can be monitored accordingly. Management should apply the precautionary 
principle in this situation, which, in relation to wildlife tourism, is designed to protect populations 
in the absence of the scientific certainty of impacts, by assuming that an action or policy is 
harmful until it is proven otherwise (see Fennell and Ebert, 2004). 
These findings are in line with those reported by Pierce et al. (2010), who also observed 
avoidance behaviours during a third of all tourist encounters with whale sharks in Mozambique. 
The authors concluded that if this particular industry was to continue unmanaged, it may 
potentially result in short-term behavioural modifications of the whale shark population. Given 
the similarity of the findings, the same conclusion can be made regarding the Coral Bay manta ray 
interaction industry. The need for management intervention is evident, beginning with the 
implementation of a mandatory code of conduct, especially considering the undeniable potential 
for future growth in the industry. 
Codes of conduct are a recognised tool used to manage wildlife tourism interactions, however 
actually minimising disturbance is dependent on the awareness of these codes and the 
compliance of operators and tourists (Scarpaci et al., 2003; Newsome et al., 2005; Quiros, 2007). 
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Emphasis must be placed on promoting awareness and educating operators and tourists about 
the code of conduct and the reasons behind its implementation; however a certain degree of 
enforcement will be required to ensure compliance by commercial operators and recreational 
vessels. Finally, the code of conduct should be designed to be adaptive, as further research can 
facilitate the refinement of guidelines and enhance the protection of the manta ray population. 
On-going assessment of behavioural responses and continual monitoring of the population is also 
necessary to determine the effectiveness of the code of conduct and seek to identify any long-
term impacts of tourism interactions (Bejder et al., 2006a; Higham et al., 2009), with care taken 
to apply consistent and appropriate definitions around manta ray responses (see Bejder et al., 
2009). 
4.2.1 Forms of behavioural responses 
The most logical reason why animals respond to human presence is because they perceive 
humans as potential predators and react accordingly (Frid and Dill, 2002; Beale and Monaghan, 
2004b). In the present study the most frequently observed form of behavioural response to swim 
group interactions was an increase in the swimming speed of the individual, on some occasions to 
the point that the individual fled from the immediate area. Manta rays lack any distinct physical 
feature that can be used in self defence against predators, such as a stinging barb or sharp teeth, 
which are possessed by their elasmobranch relatives (Last and Stevens, 2009). However, their 
large, muscular pectoral fins enable them to swim at high speeds and manoeuvre quickly through 
the water column (Rosenberger, 2001) and they rely on this, as well as their large size, as a means 
of escaping predators. Changes in direction, and orientation away from the swim group were also 
observed; both of these behaviours have been equated to tactics used by prey when attempting 
to escape a predator (Howland, 1974; Williams et al., 2002). Manta rays are perhaps uncertain of 
the degree of threat posed by swimmers, and act instinctively to avoid any perceived danger. 
Horizontal avoidance of swimmers has previously been reported during swim-with activities 
involving cetaceans (Constantine, 2001; Stensland and Berggren, 2007; Lundquist et al., 2008b; 
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Kessler et al., 2013), sirenians (King and Heinen, 2004), and elasmobranchs (Quiros, 2007; Pierce 
et al., 2010).  
An increase in speed and directional changes may cause manta rays to expend an increased 
amount of energy during an interaction, therefore continued disturbance could potentially result 
in an altered energy budget, which can affect the health of individuals. For some focal 
populations of cetaceans this cost is thought to be minimal and can be compensated for relatively 
easily (Bain, 2002; Williams et al., 2006). This may be the same for manta rays, especially 
considering that interactions only occur over a short time period each day, however further 
longitudinal investigations are required to determine any long term effect.  
Another form of behavioural response observed was an alteration in behaviour state from 
feeding to a non-feeding behaviour, most commonly cruising. Repeated disturbance of foraging 
activity can potentially have harmful effects on individual and population health, as a decrease in 
the time spent foraging may lead to reduced food intake, and consequently a reduction in energy 
acquisition (Bain, 2002; Williams et al., 2006; Christiansen et al., 2010). Changes in behavioural 
state and disruption of feeding have been widely reported for marine mammals but mostly as a 
response to tour vessels, as opposed to the swimmers themselves (Coscarella et al., 2003; 
Williams et al., 2006; Miksis-Olds et al., 2007; Dans et al., 2008; Stockin et al., 2008; Lusseau et 
al., 2009).  
Manta rays feed on zooplankton, a food source which is variable in its availability and distribution 
within the water column (Wilson et al., 2002), and depending on conditions can be limited or 
patchy at times within Bateman Bay. Interruption of feeding may be more harmful to manta rays 
during periods of lower prey availability as they have limited alternatives of feeding areas within 
the bay. Responsiveness to disturbance can also be affected during these periods as individuals 
might not be able to afford to expend the additional energy required to exhibit a behavioural 
response, as the continuation of feeding is of higher priority (Gill et al., 2001; Beale and 
Monaghan, 2004a). At times where zooplankton distribution is patchy, feeding patterns can be 
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somewhat intermittent and sporadic, and the termination of feeding behaviour may simply be 
because there is not enough plankton in that particular area to warrant the manta ray continuing 
to feed, as opposed to a response to the presence of the swim group (which poses a problem 
when determining the definitive cause of behavioural responses). Studies investigating the 
seasonal variations in zooplankton abundance and distribution in Bateman Bay can provide 
further insight into periods during which manta rays may be more susceptible to disturbance.  
A number of manta rays that were actively seeking out cleaning services at fixed cleaning stations 
left the area of a cleaning station during interactions with swim groups. Cleaning stations are 
considered critical locations for manta rays, as cleaning is important for maintaining their health 
and body condition through the removal of ectoparasites, mucus and dead or infected tissue 
from the body surface by cleaner fish (Losey, 1972; Grutter, 1997); disturbance of cleaning 
behaviour may therefore result in a reduction in individual health due to higher parasite loads 
and slower wound healing processes. The departure of individuals as a response to interactions, 
although perhaps only temporary, suggests that continued disturbance could lead to the 
abandonment of particular cleaning stations by more sensitive individuals. This has been 
previously observed in Bora Bora, French Polynesia, where prolonged pressure from coastal 
tourism development as well as the constant presence of divers, snorkelers, vessels and jet skis 
reportedly displaced resident manta rays from a cleaning station temporarily, with a diminished 
number eventually returning to the site after 2 – 3 years (de Rosemont, 2008). Continued 
monitoring of manta ray abundance, as well as the presence or absence of specific individuals at 
cleaning stations is necessary in order to determine whether tourism is causing a decline in manta 
ray abundance or habitat displacement from cleaning stations. If displacement is confirmed in the 
future, interactions at cleaning stations must be limited. Until this can be determined however, 
precautionary measures should at least be employed, including restrictions on daily vessel and 
swim group numbers, and the duration of interactions.  
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On two occasions the separation of manta rays that were feeding or swimming together was 
observed and both were a response to the initial placement of the swim group in the water. It 
was not confirmed whether they were male and female pairs, but both interactions took place 
during the mating season, so the mantas could possibly have been involved in preliminary 
courtship behaviour. Marshall and Bennett (2010b) witnessed courtship sequences involving only 
a single male and female, which did not include the usual extended courtship ritual, just 2 – 4 
minutes of evasive movements by the female before copulation began. This indicates a possibility 
that interactions with manta ray pairs could still be affecting reproductive behaviours. Therefore 
all interactions with multiple manta rays during the mating season should be treated with 
caution.  
On two additional occasions during interactions with a pair of manta rays engaged in a mating 
chain, the male was observed to decrease the distance between himself and the female, possibly 
mistaking the swim group for other potential suitors looking to compete for the female. These 
behavioural alterations may have no long term effect, however if interactions with courting 
individuals disrupt mating behaviour and reduce the likelihood of conception, the overall 
reproductive success of the population could ultimately be impacted. Interactions with mating 
groups of southern right whales in Argentina have been discouraged, due to the high potential of 
disturbance and risk to participants (Lundquist, 2007; Vermeulen et al., 2012). Unfortunately, this 
study did not collect enough evidence to draw a conclusion either way, however it is 
recommended that a precautionary approach is employed due to the conservative nature of the 
manta rays reproductive strategy (Marshall and Bennett, 2010b; Deakos, 2012).  
One form of behavioural change observed was considered to be more of an inquisitive response 
than a negative or avoidance response. Manta rays were witnessed turning upside down in the 
water column, so that their ventral surface was facing toward the swim group on the surface. It is 
presumed that this behavioural action allows the manta ray to visually assess the disturbance, as 
the positioning of their eyes is thought to impair vision behind and above the body, but enable 
72 
 
mantas to clearly see downward and in front, with binocular vision likely when looking 
downwards (Deakos, 2010; Marshall and Bennett, 2010a). Individuals would remain in this 
position for up to 30 seconds then resume their original behaviour; this is potentially an 
indication that in those instances the swim group was not perceived by the manta ray as a 
significant threat. Unfortunately, there is a shortage of studies in the current literature examining 
the natural behaviour of manta rays and other filter feeding elasmobranchs, and no published 
studies exist at present on the behavioural responses of manta rays to human interactions for 
comparison. Previous studies have identified relatively similar avoidance behaviours exhibited by 
whale sharks however, including diving, banking, changes in direction and swimming speed, eye 
rolls and whole body shudders (Quiros, 2007; Pierce et al., 2010).  
Behavioural responses to swim group interactions were exhibited in various forms, ranging from 
immediate reactions to a stimulus, to the temporary disruption of cleaning, feeding and possibly 
mating behaviours. Although the majority of responses seemed to be minor and short-lived, little 
is known about the sensory perception of manta rays or their sensitivity to this kind of 
disturbance, so the possibility of major repercussions should not yet be ruled out. Previous 
studies have also found that not all responses to disturbances are visible; physiological responses 
can be detected even when an animal displays little or no actual behavioural response (Culik et 
al., 1990; Nimon et al., 1995; Regel and Putz, 1997; Müllner et al., 2004), therefore a possibility 
exists that even the manta rays which did not exhibit a behavioural response may still have been 
affected in a physiological manner.  
The impacts of marine wildlife tourism have been described as cumulative rather than 
catastrophic (Bejder et al., 1999), meaning that a single disturbance which seems relatively 
insignificant at the time can accumulate incrementally into a significant impact when repeatedly 
experienced over an on-going period of time. Short-term disturbances have been linked to 
biologically significant impacts on focal populations of cetaceans in other marine tourism 
industries, such as declines in abundance due to long-term habitat displacement from areas of 
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high tourism pressure and boat traffic (Lusseau, 2004; Lusseau, 2005; Bejder et al., 2006b), and a 
substantial decrease in energy intake due to disturbance of foraging behaviours (Williams et al., 
2006). 
The level of such impacts can only be determined by long term data collection and population 
monitoring, which is necessary to establish whether the observed responses have a biologically 
significant impact on the Ningaloo manta ray population. Determining such impacts could take 
years of monitoring, and once identified they may be irreversible. Therefore when designing and 
implementing strategies, management should draw inference from assessments of short-term 
responses, along with impacts reported from better documented tourism sites such as Shark Bay, 
Western Australia (Bejder et al., 2006a; Bejder et al., 2006b). Most importantly, a precautionary 
approach should be adopted to ensure that the impacts of the tourism industry on these long-
lived and slow-reproducing fauna are minimised. 
4.2.2 Influence of biological and social attributes 
Responses of wild animals to human disturbance are complex and may be affected by various 
factors (Bejder et al., 2009). The present study found that adolescent and juvenile manta rays 
were less responsive than mature adults; this may be because younger individuals have had less 
exposure to human interactions than adults and are therefore more tolerant. Constantine (2001) 
found that juvenile bottlenose dolphins were significantly more likely to interact with swimmers 
than adults, which was interpreted as a form of behavioural development through play activity. It 
is likely that the present findings are due to the small sample sizes of these categories; more 
extensive studies will be required to determine the effect of age class on manta ray 
responsiveness. Manta rays were also found to have a higher response rate if the interaction was 
not their first for that day. This suggests a decreased tolerance to subsequent interactions, which 
has also been reported in whale sharks upon the arrival of successive swim groups during 
interactions (Pierce et al., 2010). 
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Previous studies have identified certain attributes that may have influenced the degree and 
nature of responses of marine animals to tourism, such as sex (Williams et al., 2002; Lusseau, 
2003b), age class (Constantine, 2001), and previous experience with interactions (Quiros, 2007). 
However two of the tested attributes in the present study, namely sex and whether the manta 
ray was a new or resighted individual, appeared to be equally as responsive to disturbance, 
suggesting that responses were circumstantial, and may have been instinctive reactions to a 
stimulus (i.e. the presence of the swim group), which are not strongly influenced by any biological 
or social attributes. Therefore disturbance should be considered equal for each individual manta 
ray in the population.  
Although new manta rays were not found to be more likely to exhibit a behavioural response 
than resighted mantas, it was observed that there were a few individuals, generally regularly 
encountered resident females, which were never observed to exhibit a response and appeared 
unaffected during interactions. Anecdotal evidence from tour operators supports this 
observation, as certain manta rays are known to show no apparent response to interactions (F. 
McGregor, pers. comm.). This may indicate that some of the resident manta rays are developing a 
degree of tolerance to human interactions. Increased tolerance of certain disturbances may lead 
to the process of habituation, wherein animals learn not to respond to a given stimulus over time 
(Bejder et al., 2009). This may be a desired effect for tourism, but has the potential for harmful 
consequences, as a reduction in cautious behaviour and the lack of response to stimuli, such as 
vessels or human presence, may result in a fatal or debilitating injury from vessel collision, 
entanglement, or harassment due to inappropriate human behaviour, (Spradlin et al., 2001; 
Orams, 2002; Newsome et al., 2005). Evidence of habituation to vessel presence leading to 
increased occurrence of boat strikes exists for Hector’s dolphins (Cephalorhynchus hectori) (Stone 
and Yoshinaga, 2000) and reports of injuries to various dolphin species as a result of habituation 
to humans or human activity are reviewed in Samuels et al. (2000). 
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4.2.3 Influence of behavioural state 
Animals may alter their responses to disturbance depending on their behavioural state, as well as 
the state of their environment (Beale and Monaghan, 2004a). Response rate varied to some 
extent with the behaviour of the manta ray, perhaps due to the nature of different behavioural 
states. Manta rays searching for food and line feeding exhibited the least amount of responses; 
these behaviours typically involved the manta swimming lower down in the water column and 
therefore remaining further away from the swim group on the surface. Manta rays that were 
initially searching for food swam relatively slowly, making for a calm interaction that didn’t 
involve much swimming for the swim group, therefore less movement and surface splashing.  
Manta rays on cleaning stations had a relatively high response rate, with over one third of 
individuals leaving the area of a cleaning station as a response to group interactions, and a total 
of approximately two thirds of individuals leaving a cleaning station as a response to the swim 
group interaction, tour vessel, or ID photo attempt. Whilst in the vicinity of a cleaning station, 
mantas move slowly, sometimes hovering almost motionless in the water column in order to 
solicit the services of cleaner fish (O'Shea et al., 2010); they are therefore easily approached as 
well as easily disturbed (de Rosemont, 2008). Manta rays in Bateman Bay are evidently sensitive 
to disturbance when visiting cleaning stations, and caution should be taken not to allow tourism 
pressure to increase past the current level, due to the risk of displacement from these critical 
habitat nodes.  
The highest response rates were observed in manta rays that were barrel rolling, surface feeding, 
cruising or involved in a mating chain. These are all high energy behaviours which involve a lot of 
movement, and at times bring mantas close to the surface. Increased movement can result in an 
increased amount of swimming for the swim group, which causes surface splashing, as the group 
tries to keep pace with the manta ray/s. Courtship behaviours especially occur at higher than 
average speeds and involve males competing for the chance to mate with the female (Yano et al., 
1999; Deakos, 2012). Interactions during such behaviours can pose a risk to participants as males 
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may get defensive and mistake them for other competing males, and have been observed 
employing a ‘shepherding’ behaviour to move them away from the female (F. McGregor, pers. 
comm.).  
Barrel rolling enables mantas to feed on plankton concentrated in a small area, effectively by 
allowing them to filter through the same area of the water column over and over. Theoretically 
this behaviour makes for easy interactions, where swimmers are able to lie flat on the surface 
without much movement or splashing and watch the manta as it feeds. However, response rates 
were relatively high for barrel rolling manta rays, perhaps because they came close to swimmers 
at the surface while rolling, or because swimmers may be brought into the manta rays field of 
vision with each somersault. Over half the behavioural responses of barrel rolling manta rays 
involved a termination in feeding, and only a few of these individuals resumed feeding during the 
course of the interaction. Quiros (2007) suggested that whale sharks, which are also filter feeding 
elasmobranchs, may be more prone to disturbance by human presence, and actions, during 
feeding behaviours. The intermittent nature of manta ray feeding behaviours may have been a 
source of possible error when determining whether a manta ray had stopped feeding as a 
response to the swim group, or simply because the localised food source had diminished. A 
previous study of southern right whales (Eubalaena australis) found that their initial behavioural 
pattern can be used to predict behavioural reactions towards anthropogenic approaches 
(Vermeulen et al., 2012); similarly information on the different behavioural states may be useful 
to manta ray interaction tour operators when assessing manta rays for potential interactions.  
Observations during large feeding aggregations of up to 50 or 60 individuals found that manta 
rays showed little to no response to the presence of the swim group, even when they came 
within less than a metre of a swimmer, only changing direction or altering their feeding pattern to 
avoid a direct collision with swimmers or other mantas. Perhaps manta rays were pre-occupied by 
the significantly large amount of food in the water, resulting in a type of feeding frenzy in which 
they were less susceptible to disturbance. Swimmers may have also been mistaken for other 
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manta rays, and therefore not perceived as a threat. It has also been suggested that the degree of 
vigilance shown by individuals in a group is inversely related to group size (Rushen, 2000), thus 
manta rays may decrease their responsiveness during large feeding aggregations.  
During the majority of interactions, with the permission of the lead swimmer, tourist participants 
were allowed to free dive down in order to get a closer look at the manta ray. As recommended 
by the CC, participants were directed to keep 2 m away at all times and only free dive one at a 
time behind or to the side of the manta. This behaviour resulted in very few responses from 
manta rays, especially if participants followed the directions of the lead swimmer. Due to the 
positioning of the eyes, manta rays are thought to have an impaired ability to see behind and 
above their body (Deakos, 2010; Marshall and Bennett, 2010a); it may be that participants were 
free diving outside of the manta rays binocular field of view, and elicited minimal responses. 
Norman (1999) similarly found that duck-diving towards the rear of whale sharks, and therefore 
out of their sight, also resulted in minimal behavioural change by the sharks, whereas free-diving 
close to the sharks head and eyes was often found to trigger an avoidance behaviour. 
4.2.4 Influence of environmental and participant-related factors 
4.2.4.1 Approach strategy  
 
Even with operators voluntarily abiding by the CC, the initiation of an interaction has high 
potential to disturb the manta ray, as it involves a close approach by the vessel and the 
placement of up to 12 swimmers in a suitable position to begin an interaction. Behavioural 
response rates varied according to the approach strategy employed while initiating the 
interaction. Response rate was highest for interactions where the entire swim group was placed 
in the water at once; this may be due to the sensory stimulus caused by a group of swimmers 
entering the water in the proximity of a manta ray at once. Although almost nothing is known 
about the sensory system of manta rays specifically, as elasmobranchs they are believed to have 
an acute sense of hearing and well developed visual system, as well as lateral line organs which 
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allow them to detect movement in surrounding water (Bleckmann and Hofmann, 1999); it is 
therefore likely that in some way mantas were able to sense the disturbance. However, 
employing the ‘swimmer first’ strategy, which had a much lower response rate, still involved a 
large number of people entering the water at the same time (everyone apart from the lead 
swimmer), which would cause an equal amount of noise and splash. One advantage of this 
strategy is that the lead swimmer is able to assess the behaviour of the manta ray; for example if 
she/he is unable to keep pace with the individual then it can be assumed that the swim group will 
not be able to keep up. If the manta ray is perceived as flighty or easily disturbed, the lead 
swimmer can advise against a group interaction with that particular individual.  
A low response rate was observed in manta rays that were sighted by a group already in the 
water, perhaps due to the absence of the initial disturbance of the vessel and placement of the 
swim group, or because it was the manta ray which initiated the interaction by approaching the 
swim group rather than the contrary. One principle for sustainable cetacean tourism is that the 
animals should be able to control the nature and duration of interactions (IWC, 1997), and the 
success of dwarf minke whale (Balaenoptera acutorostrata) swim-with tourism on the Great 
Barrier Reef is partially attributed to its adherence to this principle (Birtles et al., 2002b). 
Constantine (2001) found that the response of bottlenose dolphins (Tursiops truncatus) to 
swimmers was significantly affected by swimmer placement, with the placement that gave 
dolphins the choice to approach swimmers resulting in the lowest rate of avoidance. Allowing the 
animal to control the nature of the interaction is thought to reduce stress and the possibility of 
harassment; however due to the considerable area in which mantas may be found in Bateman 
Bay and the fact that manta rays do not seem to be obviously attracted to vessels or swimmers, 
this is not a feasible method of initiating interactions with manta rays. 
4.2.4.2 Surface splashing 
  
A behavioural response was significantly more likely to occur during interactions in which there 
was a lot of splashing. Surface splashing is caused by increased movement such as excessive fin 
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kicking and overarm swimming during an interaction, and may enhance the visual and aural 
disturbance to the manta ray, causing a heightened stress response. Humpback whales 
(Megaptera novaeangliae) in Tonga were found to depart from swim-with interactions 
significantly earlier when approached with vigorous splashing, suggesting that ensuring quiet 
approaches could minimise avoidance behaviour (Kessler et al., 2013). The amount of surface 
splashing during an interaction was not found to be related to the behaviour of the manta ray, 
weather conditions, nor the number of participants or competency, but could be related to 
personal factors that were not tested in this study, for example participant age, gender and 
fitness level. This needs to be clarified in subsequent research. It may be possible to sufficiently 
reduce splashing through pre-interaction briefing, perhaps combined with a demonstration 
during the preliminary snorkel, which demonstrates to swimmers how to turn sideways and kick 
with their fins below the surface of the water so as to avoid excessive splashing.  
4.2.4.3 Duration of interactions 
  
Interactions during which a behavioural response was observed were shorter in duration 
compared to those in which no response occurred. This was probably due to interactions ending 
prematurely as a result of a behavioural response, for example if the manta ray increased its 
speed to the point where swimmers could not keep up. Similarly, Pierce et al. (2010) reported 
that the incidence of avoidance behaviour was also related to shorter encounter times with whale 
sharks in Mozambique, and it was suggested that sharks which were disturbed by the tour vessel 
prior to swim-with interactions showed a heightened stress response during the actual 
encounter. Norman (1999) found a decrease in the duration of whale shark interactions over a 
three year period in NMP, with a corresponding increase in the incidence of behavioural 
responses increased, suggesting a diminished tolerance of tourist interactions. This warns that 
the over exposure to tourist interactions may over time increase the likelihood of manta rays 
exhibiting a behavioural response and decreasing the duration of interactions. It is imperative to 
continue monitoring the behavioural responses that are exhibited by manta rays over time, as an 
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increase in occurrences may indicate a diminishing tolerance to interactions and could be an 
indicator of longer-term behavioural change. 
4.3 Behavioural responses to tour vessels 
Behavioural responses to a tour vessel were only exhibited by a small proportion of individuals 
(15.3 %). The most commonly observed responses involved a change in direction to avoid the 
vessel, or the shadow of the vessel on the sea bed, and a few manta rays were observed to dive 
to mid water when in the vicinity of the vessel at the surface. These responses were not 
interpreted to be deliberate avoidance (i.e. swimming away from the vessel), but merely a change 
or deviation in swimming path to avoid passing under or possibly colliding with a larger, unknown 
object. Two mantas left a cleaning station when a vessel approached to place a swim group in the 
water to begin an interaction, and a single individual ceased feeding and left the area; this also 
occurred during the initiation of an interaction when the vessel was at its closest point to the 
manta ray. An inquisitive response was also observed when an individual swimming at the surface 
turned upside down and swam the length of the vessel to assess it visually. Responses to tour 
vessels by marine animals have been widely reported in the current literature, especially the 
responses of cetaceans to whale/dolphin watching vessels (for example Corkeron, 1995; Bejder et 
al., 1999; Williams et al., 2002; Lusseau, 2003a; Lusseau, 2003b; Constantine et al., 2004; Scheidat 
et al., 2004; Bejder et al., 2006a; Lusseau, 2006; Lusseau et al., 2006; Williams et al., 2009; 
Christiansen et al., 2010; Stamation et al., 2010). Avoidance responses to tour vessels has also 
been documented for whale sharks (Martin, 2007; Pierce et al., 2010), and dugongs (Dugong 
dugon) (Gerrard, 1999).  
The minimal response observed to vessels compared to previous findings may be due to the 
difference in operating manner of the vessels in the different tourism situations. Cetacean 
watching involves the vessel following pods or individuals for a prolonged amount of time, trying 
to maintain continuous contact with the animals (Janik and Thompson, 1996; Constantine et al., 
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2004), whereas apart from during the initial placement of swimmers, and group changeovers, the 
manta ray tour vessels observed in the present study remained a reasonable distance away (at 
least 30 m) from the manta ray and swim group in order to decrease disturbance to the manta 
whilst observing the swimmers to ensure their safety. It is important to consider the differences 
between cetaceans and elasmobranchs that relate to tourism interactions, such as the need for 
cetaceans to regularly surface in order to breathe, which is not shared by elasmobranchs. They 
also tend to be more sociable and playful animals, compared to the typically solitary manta rays. 
Observed vessels voluntarily followed the CC developed by DEC, therefore the findings indicate 
that by adhering to the recommended minimum distances and speeds, vessels should ensure 
minimal short-term behavioural change of individual manta rays during tourist activities. Areas of 
highest concern are the initial placement of swimmers, as well as group changeovers, vessel 
proximity to manta cleaning stations, and manta rays cruising or feeding at the surface. Pierce et 
al. (2010) found that a link existed between the expression of avoidance behaviour by whale 
sharks and the proximity at which swimmers entered the water from the vessel in similarly 
conducted swim-with interactions, with closer approaches resulting in increased avoidance. 
During the initiation of an interaction, the skipper must attempt to place swimmers in a position 
so as not to have to swim too great a distance to reach the manta ray, but at the same time 
ensure the vessel does not get too close to the manta ray itself.  
As a heightened sensitivity to disturbance of manta rays on cleaning stations has been 
demonstrated, it is recommended that vessels give wider berth to cleaning stations. Placing swim 
groups an extra 10 to 20 m away may be an option, as cleaning stations are permanent locations 
that are relatively small in area, and therefore are easier to direct swimmers towards than a 
feeding or travelling manta ray. Mantas feeding or swimming at the surface are potentially at risk 
from collisions and propeller strikes by both commercial and recreational vessels, especially those 
travelling at high speeds (Deakos, 2010), and a number of individuals of the Ningaloo population 
have previously been sighted with scars that are most likely from contact with boat propellers (F. 
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McGregor, pers. comm.). Injuries sustained by vessel collisions can be debilitating or even fatal to 
marine animals (Preen, 2001; Nowacek et al., 2004; Maitland et al., 2006; Miksis-Olds et al., 
2007), and increased vessel traffic during peak periods brings increased threats to manta rays. 
Therefore it is important that both commercial and recreational users are aware of the presence 
of manta rays in Bateman Bay and any potential impacts that boat users can have. Awareness can 
be achieved by ensuring that a future code of conduct is designed to include recreational boat 
users, thus informing and educating them of the appropriate way to interact with manta rays, 
along with the potential impacts that can be caused by inappropriate interactions, namely 
harassment, disturbance during sensitive behaviours such as cleaning and mating and vessel 
collisions.  
4.4 Behavioural responses to identification photo attempts 
Photo identification studies are considered an effective and relatively non-invasive method of 
identifying specific individuals in order to gather information on population structure, ecology, 
and behaviour, as well as migration and movement patterns (Kitchen-Wheeler, 2010; Couturier et 
al., 2011). Although not entirely necessary in terms of tourism, some Ningaloo operators 
endeavour to capture an ID photo of each manta that they interact with; ID photos are entered 
into a catalogue which is part of an on-going photo ID study monitoring the ecology, movement 
patterns and structure of the population (F. McGregor, unpublished data). As tour vessels operate 
almost every day of the year, this is a useful method of regular and continuous data collection. 
Approximately half of the individuals photographed exhibited some form of behavioural response 
to the ID photo attempt. A higher percentage of individuals exhibited a response to ID photo 
attempts compared to group interactions. This is perhaps because in order to take a usable ID 
photo the photographer must be in a position that allows a clear view of the ventral surface of 
the individual, which usually involves free diving close to, and underneath the manta ray and 
therefore into its field of vision. Generally, it is a closer and more confronting encounter, so a 
higher response rate was to be expected. The photo is generally taken at the end of the 
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interaction, therefore the manta ray has already been involved in a long interaction with a swim 
group; to fully determine the effect of obtaining id photos on the behavioural response without 
tourist interactions would be useful. 
4.4.1 Forms of behavioural response 
The most common forms of behaviours observed in response to ID photo attempts were 
generally short-term reactions, after which manta rays were generally observed to resume their 
original behaviour. The most frequent responses, turning away and banking upwards, were 
considered brief avoidance responses to the approach and proximity of the photographer. Both 
of these responses enabled the manta ray to avoid coming too close or possibly colliding with the 
photographer, as well as perhaps allowing for better visual evaluation of the stimulus. After 
detecting their presence, a number of manta rays turned to face their ventral surface towards the 
photographer for short periods of time, seemingly an inquisitive reaction, which allowed the 
manta ray to clearly see and therefore more accurately assess the disturbance. These manta rays 
then resumed their original behaviour, presumably after determining that the photographer was 
not a potential threat. Several mantas responded to an ID photo attempt by exhibiting a short, 
rapid burst of speed away from the photographer; this may have been a reaction to escape or put 
distance between themself and a potential predator.  
When an animal detects the immediate presence of a potential predator, it must firstly assess the 
risk presented by the potential predator, in order to determine how to respond, as responses can 
be energetically costly (Lima and Dill, 1990; Rushen, 2000; Barbosa and Castellanos, 2005). Short-
term behavioural responses are thought to ameliorate the imminent threats of predation, and 
can include predator inspection, along with increased vigilance, flight responses such as rapid and 
erratic swimming, and crypsis (Wisenden, 2003). In the marine environment animals utilise visual 
and chemical cues to recognise a predator (Chivers and Mirza, 2001; Ferrari et al., 2010), and the 
risk assessment of predators can be affected by the behaviour of the predator, such as its speed 
and directness of approach (Stankowich and Blumstein, 2005), as well as the chemical cues that it 
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releases (Ferrari et al., 2010). The nature of the behavioural responses observed in this study 
could most likely be explained by this risk assessment process. As a manta ray is closely 
approached by the photographer it responds so as to initially avoid the potential predator. Then, 
once the situation has been assessed, and the behaviour of the photographer has been deemed 
not to be threatening and no predatory chemical cues have been sensed, the manta ray resumes 
its original behaviour. The amount of physiological stress caused by these responses is not known, 
but is a factor that must be considered when further determining the level of disturbance caused 
by ID photo attempts. 
4.4.1 Influence of biological and social attributes 
Similar to responses to swim group interactions, age class was found to be the only biological or 
social attribute that showed a variation in response rate between different categories. 
Adolescents and juveniles had a lower response rate than adults, though the small sample sizes 
for these age classes mean that further investigations are required to provide more accurate 
conclusions regarding the effect of age class on manta ray responsiveness. Manta rays of all other 
demographics tested were found to be equally responsive, and should be treated as equally 
susceptible to any disturbance related to photo ID attempts.  
4.2.2 Influence of behavioural state 
A difference in the rate of response was apparent depending on the behaviour of the manta ray 
at the time of the photo attempt. This could be due to the nature of the different behaviours, 
which may affect the awareness or vigilance of the manta ray as well as the positioning of the 
photographer when attempting to capture the ID photo. The highest response rates 
corresponded with the lowest energy behaviours, which were searching for food and visiting a 
cleaning station. During these behaviours mantas are moving relatively slowly and calmly, at 
times hovering motionless in the water above a cleaning station, and therefore may be more 
conscious of their surroundings and more responsive to disturbances.  
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Feeding, travelling and courtship behaviours are all relatively high energy activities. Mantas that 
were cruising or line feeding had relatively high rates of response. Cruising mantas typically swim 
at moderate to high speeds, and the photographer must keep pace with the individual and dive 
below to get an ID photo. There is also a possibility that because these manta rays are not 
concentrating on feeding, they are more aware of their surroundings and therefore more 
responsive to disturbance. Line feeding mantas feed by swimming just above the sea bed in order 
to consume zooplankton that has filtered down through the water column, therefore to get a 
usable ID photo the photo must be taken as the manta turns at the end of each line in its feeding 
pattern when it sometimes exposes it’s ventral surface as it turns (which can be difficult to judge 
and time correctly), or free dive into the mantas path, lie on the bottom and take an ID photo as 
the manta ray passes over the top. This makes for a confronting encounter which brings the 
photographer into the manta rays field of vision which may explain the relatively high response 
rate.  
Half of the manta rays that were engaged in surface feeding exhibited a behavioural response to 
an ID photo attempt. Surface feeding mantas generally move quickly, however as they are just 
below the surface, it is relatively easy for the photographer to free dive below the manta and not 
have to approach it too closely. 
Only one third of mantas engaged in a mating chain responded to ID photo attempts, perhaps 
because the biggest concern for both males and females during courtship are the other male 
suitors following behind, and attempts at taking ID photos bring the photographer underneath 
individuals, which is not typical behaviour of a male attempting to copulate (Yano et al., 1999; 
Marshall and Bennett, 2010b), and perhaps not perceived as a threat. The small sample sizes of 
these behavioural categories must be considered, and should be viewed purely as preliminary 
indications of response rates; further investigation is necessary to draw any conclusions. By far 
the lowest response rate was observed in barrel rolling manta rays. This behaviour repeatedly 
exposes the ventral surface of the manta ray to the photographer if positioned directly behind or 
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in front of an individual whilst barrel rolling, and allows an ID photo to be taken without having to 
dive below the manta or get in front and block its path.  
Vigilance in animals has been suggested to be impacted by the strength of motivation to perform 
competing behaviours, such as feeding or mating (Rushen, 2000). This suggests that feeding or 
mating manta rays may be less vigilant as they are distracted by the task at hand, yet cleaning or 
slowly moving animals are more vigilant of predators and the surrounding environment, which 
could explain the pattern of response rates found in this study. 
4.4.3 Influence of ID photo approach 
A range of approaches was employed by the photographer in order to get into a suitable position 
to take an ID photo. The approach taken typically depended on the behaviour of the manta ray, 
as well as its general manner and any previous behavioural responses displayed during the 
interaction, although some approaches were somewhat opportunistic. Response rates differed 
depending on the approach taken by the photographer, which could be related to the degree of 
sensory stimulus, most likely visual, elicited by each different approach, or the ability of manta 
rays to identify a disturbance approaching from different angles. A behavioural response was 
exhibited on all occasions that the photographer approached an individual side on, yet slightly 
towards the front or the rear of the animal. This may be because the photographer was 
approaching within the individual’s peripheral field of vision, as mantas are thought to most 
clearly see downwards and in front; thus a disturbance was detected but not identified, resulting 
in an instinctive reaction. Sharks, one of the only known predators of manta rays, most commonly 
attack from the rear (Marshall and Bennett, 2010a), therefore approaches toward the rear of an 
individual might be mistaken for a potential predator attack, which may contribute to the high 
response rate to this approach. In saying this, the small sample sizes for both of these approaches 
must be taken into consideration.  
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Approaching an individual from in front or directly underneath resulted in a behavioural response 
on at least two thirds of occasions, and from the side on approximately half of the ID photo 
attempts. It is in these areas that manta rays are thought to be able to see most clearly (Deakos, 
2010), and therefore an individual is able to detect the presence of the photographer and either 
reposition itself in order to better assess the disturbance, or to avoid getting too close to, or 
possibly colliding with the photographer. Taking a photo from behind (or in front) of a barrel 
rolling individual seemed to be the least invasive approach as it resulted in the lowest percentage 
of responses. Generally this approach does not involve free diving below the manta, or getting 
too close, the photographer can usually remain on the surface and take a photo of the ventral 
surface which is exposed each time the manta turns in a somersault.   
Continual monitoring of the population is critical for assessing the effectiveness of management 
strategies and determining impact levels, and tour operators who have daily access to the 
population are an excellent means of gathering data. Although the response rate to ID photo 
attempts was higher than the response rate to swim group interactions, the forms of responses 
observed were generally short-lived reactions and manta rays tended to resume their behaviour 
shortly afterwards. Therefore it is recommended that photo ID attempts be done quickly and 
opportunistically, making use of the manta ray’s initial behavioural state where possible. Ideally, 
ID photos should be taken at the end of an interaction, so that after the disturbance related to 
the close approach of a swimmer, manta rays can return to their original behaviour without 
continued disturbance from the swim group. Lead swimmers should be advised to approach from 
side on if possible, to reduce the likelihood of a behavioural response.  
Failed attempts to obtain ID photos by untrained guides or passengers can lead to increased 
responses and subsequent avoidance, and should therefore be discouraged. A future code of 
conduct must be designed to minimise the number of non-opportunistic attempts at obtaining an 
ID photo during an interaction, and should limit these attempts to trained guides and industry 
operators. The results presented also confirm that free-diving on all other occasions, especially by 
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tourists, should be restricted to behind and to the side of a manta ray during swim group 
interactions.  
4.5 Post-interaction survey 
The dual mandate of tourism managers of minimising impacts on focal populations while also 
providing an enjoyable tourism experience not only requires a clear understanding of the 
biological elements, but also of the human aspects of the tourism activity, such as visitor 
experience and expectations (Duffus and Dearden, 1990). The majority of participants felt that 
they were able to clearly observe the manta ray/s during the interaction and that the interaction 
lasted for a sufficient amount of time. This suggests a high-quality tourism experience is being 
provided by operators, which was supported by the high level of tourist satisfaction revealed by 
the survey, with 95 % of participants stating that the experience met their expectations. 
Operators were also found to successfully integrate education into daily tours, as 87.5 % of 
participants felt that they had learned something about manta rays during their experience. 
Education is a crucial aspect and defining characteristic of ecotourism activities as it can raise the 
environmental awareness of visitors and potentially influence the attitudes and behaviours of 
visitors towards conservation (Orams, 1997; Blamey, 2001; Garrod and Wilson, 2003). Educating 
visitors to Ningaloo about the potential impacts of tourism on the manta ray population may help 
visitors to understand the reasons behind restrictions set by a future code of conduct which could 
affect their particular manta ray experience. It must be noted that these results only reflect the 
tours conducted by two of the five manta ray interaction operators in Coral Bay. 
Visitor experience in marine tourism has been found to be affected by factors such as 
environmental impacts (Curtin et al., 2009; Uyarra et al., 2009) and perceived crowding (Breen 
and Breen, 2008; Lankford et al., 2008). Participant perception of disturbance during manta ray 
interactions appears to be quite low in relation to the proportion of behavioural responses 
observed, as 85 % of participants did not perceive that the swim group had disturbed the manta 
ray/s during the interaction. This was supported by the lack of significant correlation found 
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between the occurrence of a behavioural response and participant perception of disturbance. 
Previous studies have also reported low levels of impact awareness in tourists (Taylor and Knight, 
2003; Orsini and Newsome, 2005; Sterl et al., 2008), and on average visitor perception has been 
found to bear little relationship to actual environmental conditions (Newsome et al., 2004; Uyarra 
et al., 2009). Perhaps this is because tourists are overwhelmed by the experience, and do not 
adopt a critical view of the activity because their primary focus is enjoyment. No matter the 
reason, it has been cautioned that this may pose an issue if tourist perceptions of impact are to 
contribute to the development of management strategies (Newsome et al., 2004).  
The majority of participants did not perceive overcrowding in their swim group, which could 
perhaps be because 85.7 % of swim groups contained less than 10 people, two less than the 
recommended maximum in the CC. A significant correlation was found between the number of 
people and participant perception of crowding, suggesting that with increased group numbers, 
more specifically when numbers exceed ten people, tourists’ sense of crowding increases. 
Although they may be less profitable in the immediate future, smaller groups are believed to 
enhance the tourism experience, by promoting a higher level of visitor satisfaction, through more 
effective interpretation and reduced crowding (Newsome et al., 2005). As visitor satisfaction is 
vital to the long term viability of the tourism industry, reducing group sizes should theoretically 
benefit operators in the long run.  
No significant correlation was found between the number of manta rays encountered on a tour 
and the level of visitor satisfaction, which suggests that it is not necessary for operators to locate, 
and possibly disturb, multiple manta rays each day to ensure that their passengers are satisfied 
with the experience. It also indicates that operators can choose not to initiate interactions with 
individuals that are more likely to exhibit a response, such as manta rays engaged in mating 
chains or at cleaning stations, and if possible locate a manta that is less likely to be disturbed 
without detracting from the satisfaction of visitors.  
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4.6 Habitat usage and location of interactions 
The reasons behind manta ray visitations to inshore localities can be diverse (Jaine et al., 2012); 
therefore understanding the general habitat usage of manta rays within Bateman Bay can 
broaden our understanding of the potential impacts of the tourism industry. Specific locations 
within the bay were solely utilised as cleaning sites, while other locations were primarily used for 
feeding with other behaviours, such as cruising and courtship, also observed. Similarly, Jaine et al. 
(2012) found behaviours of M. alfredi individuals to vary between specific sites at Lady Elliot 
Island on the Great Barrier Reef, with some sites used exclusively for foraging and others 
primarily for cleaning, and occasional cruising or foraging. Clark (2010) also reported the use of 
specific feeding and cleaning sites in Hawaii, and discovered a diel pattern of habitat use by 
resident manta rays.  
During the period of this study manta rays were found to utilise Bateman Bay for three critical 
behaviours: feeding, cleaning and courtship. North Reef Drop-off, Palm Tree, Mid Bay, Pylons and 
Mauds Beach were all identified not only as commonly used feeding and courtship areas, but also 
as the locations where the majority of tourist interactions took place. This was to be expected, as 
tour operators will obviously target areas where manta rays are most common in order to 
increase the chance of successfully initiating an interaction. Habitat usage data presented in this 
study was collected over a four month period and therefore only represents usage over a limited 
time frame; however comparison with long-term data records kept as part of the on-going photo 
ID study confirmed that the data collected in the present study is indeed indicative of a longer 
term and more stable usage pattern (F. McGregor, unpublished data).  
Tourist interactions only generally take place during the late morning and early afternoon, 
therefore the data presented only encompass a certain suite of diurnal behaviours. The behaviour 
of manta rays and their usage of Bateman Bay in the evening and at night remain unknown. 
Knowledge of nocturnal habitat usage and movement patterns can be increased by tagging 
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studies, which can provide a more precise insight into the potential impacts of the tourism 
industry. 
Interactions were also seen to occur at North Reef Cleaning Station and Sponge Gardens, two of 
five known cleaning stations located within and around the bay (McGregor et al., 2008). 
Numerous manta tourism operations focus on cleaning stations, where the fixed location, site 
fidelity and regular visitation of mantas make for predictable and reliable encounters (Anderson 
et al., 2010; Deakos et al., 2011; O’Malley et al., 2013). These areas are typically small and mantas 
are visiting to utilise a specific resource, therefore continued disturbance at these sites may have 
detrimental consequences on the health of individuals (Clark, 2010), and have the potential to 
lead to longer term habitat displacement. 
Long-term habitat displacement is a more permanent form of avoidance, which generally occurs 
when the costs of short-term avoidance outweigh the benefits of remaining in the immediate 
area (Lusseau, 2004; Bejder et al., 2006b). Manta rays are naturally migratory animals and 
therefore have the ability to find other sites for feeding, cleaning and mating, possibly deserting 
Bateman Bay temporarily or even permanently; such displacement could have serious 
consequences for the manta ray population. Little is known at present about which areas manta 
rays inhabit along the Western Australian coast outside of Bateman Bay. It is also unknown 
whether suitable feeding, breeding and cleaning sites exist within the home range of the 
population that could be utilised if displacement from Bateman Bay was to occur. Consequently 
manta rays may be forced to inhabit inferior areas with lower prey availability, or limited access 
to cleaning stations, which could negatively affect individual health.  
GPS coordinates of interactions have proved to be a useful tool, and long term operator records 
can be used to track the movements of manta rays around the region and facilitate detection of 
changes in usage patterns and manta ray abundance, therefore it is recommended that under 
future license conditions tour operators are required to provide management with information 
such as the daily locations of manta ray interactions, and the number of individuals sighted.  
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4.7 Implications for management 
Although the Ningaloo population is generally highly transient, photo identification data has 
revealed a core resident population consisting mostly of mature females (McGregor et al., 2008). 
The most frequently sighted demographic in the present study was adult females, and re-sighted 
individuals were more common than new additions to the catalogue, with a number of individuals 
(mostly females) sighted multiple times throughout the study period. These factors suggest that it 
is generally the resident population which is exposed to human interactions in Bateman Bay, 
which further increases the necessity to minimise tourism impacts. Not only are these particular 
individuals more dependent on crucial habitats such as cleaning stations and feeding areas 
(especially during periods of limited food availability), they are also potentially exposed to 
interactions continually throughout the year as opposed to the more transient members of the 
population, which may only spend short periods of time in Bateman Bay.  
A number of studies have proposed that females of various species may occupy areas that are 
more appropriate for bearing young due to environmental stability, reliable food resources, 
proximity to nursing grounds and a reduced risk of predation (Sih, 1994; Craig and Herman, 2000; 
Sims, 2003). Significant female bias has been previously observed in manta ray populations in 
Mozambique (Marshall and Bennett, 2010b; Marshall et al., 2011b), Queensland, Australia 
(Couturier et al., 2011), and the Maldives (Kitchen-Wheeler et al., 2012), and has been 
hypothesised to be associated with reproductive strategies. Therefore the resident population of 
adult females in Bateman Bay may include some of the key breeding individuals of the Ningaloo 
population, which means that the consequences of disturbance are much greater as they may 
directly impact the reproductive success of the population. Bateman Bay may be the only suitable 
habitat node for these females along the Ningaloo coast which offers cleaning stations, feeding 
areas and mating opportunities all within close proximity. Increased levels of disturbance could 
therefore result in the displacement of resident females to an inferior habitat, which could affect 
individual health as well as reproductive success. Due to the conservative life history of manta 
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rays, even a slight decrease in reproductive output could have detrimental effects on the health 
of the population (Dulvy et al., 2008; Deakos et al., 2011), which further emphasises the need for 
proper management of the manta ray interaction industry in Coral Bay. 
4.8 Methodological limitations and considerations for future research 
Due to time and resource constraints, fieldwork was only performed over a four month period 
(April to July) within a single year. Ideally data collection should extend over all seasons to provide 
a more accurate representation of manta ray behaviour throughout the entire year, and observe 
any seasonal variations that may occur. This is especially relevant to courtship and mating 
behaviour, which is known to predominantly occur in the months of June to November, half of 
which fell outside the time frame of data collection.  
Only two of the five manta ray interaction tour operators were observed during the present 
study. It would be beneficial for future research to observe interactions conducted by all of the 
operators in order to gain a perspective of potential disturbance across the entire industry, as 
some operators may employ methods that result in a higher, or lower, occurrence of behavioural 
responses.  
Sample size can also be recognised as a limitation, particularly for interactions with manta rays 
that fit into certain demographic categories such as adolescents and juveniles, as well as with 
manta rays engaged in certain behavioural states. The effect of interactions at cleaning stations 
and with courting or mating manta rays were of the highest concern to management, yet only a 
small number of such interactions were observed in the present study. It is therefore 
recommended that future research should focus specifically on these areas in order to properly 
assess the level of disturbance to manta rays during these types of interactions.  
It was beyond the scope of this study to observe manta ray behaviour under truly undisturbed 
conditions. In order to get footage of behaviour in the absence of tour vessels and swim groups, a 
vessel and an observer still had to approach manta rays to film their behaviour underwater, these 
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are still considered sources of disturbance and may still affect manta ray behaviour. In order to 
obtain footage of undisturbed behaviour it would be necessary to utilise a method similar to that 
described in O'Shea et al. (2010), and set up an underwater camera at a site where manta rays 
are known to frequent, for example a cleaning station, to record their behaviour for as long as 
possible before returning to collect the camera at a later time. This however, would only provide 
behavioural data for manta rays at cleaning stations, which is only one of seven behaviours 
observed in this study. As manta rays feed over a large area within Bateman Bay, affixing a 
camera at a location where feeding behaviour is likely to be recorded for a sufficient amount of 
time would be almost impossible. Unfortunately the lack of information pertaining to manta ray 
behaviour meant there was little data available to enable direct comparisons to other studies to 
be made. 
The use of short-term behavioural responses as a measure of tourism impacts on focal 
populations has been previously criticised, as they are rarely able to be linked to biologically 
significant impacts such as a reduction in reproductive success or decreased population size (Gill 
et al., 2001; Beale and Monaghan, 2004b; Bejder et al., 2006b). The standard interpretation of 
these responses has also been questioned, as studies have revealed that the most responsive 
animals are not necessarily the most vulnerable, but more likely to be the ones in the best 
condition of health, which can afford to expend the energy necessary to exhibit a response. Those 
who do not respond may be in poorer condition and must dedicate all their energy to continuing 
the behaviour at hand (Gill et al., 2001; Beale and Monaghan, 2004a; Bejder et al., 2006a). This is 
a valid criticism which is applied generally to research on animal behaviour, one which on-going 
manta ray behavioural research is likely to clarify. Only by conducting such research and 
continuing to collect data over an extended period of time will we gain insights into the intricacies 
of manta ray behaviour.  
General concerns have also been expressed about the difficulty of objectively assessing impacts 
on marine animals due to the complexity of the marine environment, the lack of data under 
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undisturbed conditions, and the difficulty in pin-pointing whether observed responses are 
actually a result of tourism activities, as opposed to natural occurrences (Gill et al., 2001; Bejder 
and Samuels, 2003; Orams, 2004). This was apparent in the present study when determining 
whether a termination of feeding behaviour was a response to the swim group or because of an 
insufficient concentration of zooplankton to warrant a continuation of feeding, or whether an 
increase in swimming speed or change in direction was merely a natural variation in the manta 
rays behaviour.  
Given the limited amount of time and resources available, and the lack of long term data, it was 
deemed that measuring the immediate behavioural responses of manta rays to tourism activities 
was the most effective approach to developing a preliminary understanding of the level of 
behavioural changes occurring in response to current tourism activities.  
4.9 Conclusion 
The information presented in this study broadens our understanding of manta ray behaviour as 
well as of behavioural responses to tourism interactions in Coral Bay, Western Australia. Four 
previously undescribed foraging behaviours were identified and explained, further highlighting 
the ability of manta rays to modify their feeding behaviour depending on the distribution of 
zooplankton in the water column.  
Behavioural responses to the presence and behaviour of a swim group were observed during one 
third of interactions; this proportion has the potential to increase without further management, 
particularly considering the prospective growth of the industry. The forms of behavioural 
responses observed ranged from seemingly minor short-term disturbances to the disruption of 
feeding and cleaning behaviours. It is the cumulative nature of disturbances which is the major 
cause for concern, as short-term disturbances have the potential to accumulate incrementally or 
synergistically over time, developing into biologically significant impacts on the population 
(Bejder et al., 2006a). Definitively linking these short-term responses to long-term impacts 
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however, will require considerable research effort and data must be collected over a sufficient 
time frame in order to accurately detect impacts, which once identified may already be 
irreversible. Meanwhile, management must adopt a precautionary approach, drawing inference 
from assessments of short-term responses and other well documented tourism sites, designing 
strategies to ensure disturbance is kept to a minimum (Bejder et al., 2006a; Bejder et al., 2006b). 
Responses to tour vessels were minimal; however the two observed operators complied with the 
voluntary CC. This highlights the importance of keeping to recommended speeds and 
manoeuvring cautiously and responsibly in the presence of manta rays. It remains unknown 
whether this level of disturbance is uniform across all commercial vessels, as well as any 
recreational vessels which interact with manta rays in Bateman Bay. Therefore the 
implementation of a mandatory code of conduct outlining maximum speeds and describing 
correct vessel approaches would facilitate a low level of disturbance by all vessels which interact 
with manta rays. ID photo attempts elicited the highest proportion of behavioural responses. 
These responses were generally considered to be brief avoidance responses, possibly related to 
threat assessment, with manta rays tending to resume their original behaviour shortly 
afterwards. The level of stress caused by these seemingly minor responses remains unknown; 
therefore caution should still be exercised when taking ID photos. 
Examination of the influence of biological and social attributes on responsiveness to swim groups 
and ID photo attempts revealed that adolescent and juvenile manta rays may be less responsive 
than adults; further research is needed to confirm this finding due to the small sample sizes of the 
adolescent and juvenile categories. Manta rays were also found to be more responsive to swim 
groups if they had already been involved in a previous interaction that day, suggesting that 
multiple interactions with the same individual should be avoided. Behavioural response rates to 
swim group interactions and ID photo attempts varied depending on the behavioural state of the 
manta ray; with further investigation and increased sample sizes this information could be used 
when advising operators on which manta rays to initiate interactions with. Future research into 
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behavioural changes must focus on interactions with manta rays at cleaning stations, as well as 
with mating chains as these are the two behavioural states during which manta rays are deemed 
most vulnerable to impacts. Behavioural responses were more commonly observed during 
interactions in which higher amounts of surface splashing occurred. Operators are advised to take 
measures to reduce the amount of splashing by swimmers, such as briefing and pre-interaction 
demonstrations. 
Analysis of general habitat usage identified Bateman Bay as a critical habitat for feeding, cleaning 
and courtship behaviour, and found that the common locations where interactions take place fall 
into these same critical habitat areas. Sighting demographics indicated that it was the resident 
population (consisting mostly of adult females) that was most commonly exposed to tourism 
interactions. This further emphasises the need for an increased level of management, as these 
females are not only subjected to interactions throughout the entire year, they also are more 
dependent on critical habitat areas, and could possibly be important breeding individuals within 
the population. Many aspects of the general ecology, habitat usage and movement patterns of 
the Ningaloo manta ray population remain unknown. An increased understanding of these factors 
through further research is vital in order to increase our understanding of the population, further 
assess potential impacts and consequently act as a basis for comparison to determine any long-
term effects of tourism. 
The findings represent the level of short-term responses induced by compliant operators. The 
efficiency of the CC in minimising disturbance to manta rays remains unknown, since the long-
term implications of short-term behavioural changes are yet to be determined, as are compliance 
levels of operators not observed in this study. Given this uncertainty, the introduction of a 
mandatory code of conduct for all manta ray interactions is recommended as an initial step 
towards increasing the level of industry management, which will ensure consistency across the 
industry that can be monitored accordingly. The findings of this study were intended to aid and 
support the further development of a mandatory code of conduct for tourism interactions in 
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Coral Bay, and provide specific recommendations for certain sections of the code. Continued 
investigations similar to the present study may enable management to continue to refine this 
code of conduct in the future, further minimising impacts on the manta ray population, while 
maximising visitor satisfaction and the long-term viability of the industry.  
4.10 Recommendations for management 
Based on the results presented in this study, it is recommended that the level of management 
and regulation of the Coral Bay manta ray interaction industry is increased. The introduction of 
specific manta ray interaction licenses is advised, similar to those currently issued for whale shark 
interactions in the Marine Park (see Catlin et al., 2012). Conditions of the license should include 
adherence to a mandatory code of conduct for manta ray interactions, regular submission of a 
logbook containing information on daily passenger numbers and GPS locations of manta ray 
sightings, as well as the submission of any ID photos to be added to a regularly updated 
catalogue. This information can contribute to the monitoring of visitation patterns and habitat 
usage of manta rays in Bateman Bay, to help determine any long-term effects. The use of a 
licence system will allow management to limit the number of licenses issued, thus limiting the 
number of commercial vessels conducting manta ray interactions, and regulating the future 
growth of the industry.  
Specific recommendations for the code of conduct based on the results presented in the present 
study include the following: 
- The number of people in the water during an interaction should be limited to a maximum 
of ten plus a maximum of two guides; when possible operators should endeavour to keep 
the number of people in swim groups to a minimum. A maximum limit of two swim 
groups per vessel per day is also recommended.  
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- All swimmers must remain 2 metres away from the manta ray at all times, and free-diving 
should be restricted to one swimmer at a time and only ever behind and to the side of the 
manta ray.  
- The ‘swimmer first’ approach strategy is recommended to be used when initiating an 
interaction. Lead swimmers should use their experience to assess the behaviour and 
temperament of each manta ray at the beginning of an interaction and direct the swim 
group accordingly; this may include prohibiting free-diving during some interactions.   
- The amount of surface splashing should be kept to a minimum during interactions. This 
can be attained by ensuring passengers sit and slide into the water when entering in the 
proximity of a manta ray, as well as a brief demonstration during the preliminary snorkel 
of how to keep fins underwater while swimming to minimise the amount of splash 
created.   
- Interactions at cleaning stations should be treated with caution. No free-diving should be 
allowed in the area of a cleaning station, and vessels should not come within 30 m of a 
cleaning station. Operators should take care not to conduct interactions at cleaning 
stations on repeated days, and only one operator should be permitted within 50 m of a 
cleaning station at any one time. Management may consider restricting the number of 
interactions per week permitted at cleaning stations. 
- Interactions with mating chains consisting of one female and two or more males should 
either be prohibited, or at least be restricted in numbers of swimmers and duration, 
especially if the manta rays are engaged in courting or mating activities. Interactions with 
pairs of manta rays during the months of June to November should be treated with 
caution. 
- ID photographs should ideally be taken at the end of an interaction, unless the manta ray 
is barrel rolling or the ventral surface is positioned towards the lead swimmer during the 
interaction. If possible the photographer should approach from the side of the manta ray 
when attempting to take an ID photo. Training lead swimmers how to approach a manta 
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ray to take an ID photo, and which elements are needed for a usable photo may also be 
beneficial. 
Minimising disturbance is dependent on the compliance of operators and tourists to a code of 
conduct. A certain degree of enforcement and awareness of a future code of conduct and other 
licensing conditions is therefore required, especially in the initial period of implementation. An 
acceptable level of compliance should be determined, and regular assessment of licensed tour 
operators must be carried out by DPaW to ensure compliance with the CC; the consequences of 
non-compliance may include fines, and ultimately revocation of license for repeat offenders. 
Most importantly, to ensure truly sustainable management practices any implemented strategies 
must be dynamic, adaptive and regularly re-assessed. Continuous monitoring of the population 
and interactions is also necessary to determine whether the code of conduct is effective, and 
whether tourism interactions are having long-term negative impacts on the manta ray 
population. 
It is also recommended that management supports further research into the biology, ecology, 
behaviour and movement patterns of the Ningaloo manta ray population, as this knowledge is 
essential to the understanding of potential impacts, and will facilitate more accurate 
recommendations for the sustainable management of the tourism industry. 
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                   Coral Bay manta ray tourism survey 2013 
 
  
Date: 
 
 
Vessel: Recorder: 
 
Total no. of passengers: 
 
 
No. of groups: 
 
No. people in each group: 
 
 1 2 3 4 5 6 7 8 9 10 
Rate how comfortable you are in the ocean (generally) 
 
          
 Strongly disagree Disagree Neither agree nor 
disagree 
Agree Strongly agree 
I was able to clearly see the manta ray/s 
 
     
I felt that we swam with the manta ray/s for a sufficient 
amount of time 
     
I felt there were too many people in the swim group 
 
     
I felt our presence in the water disturbed the manta ray/s 
 
     
The experience met my expectations 
 
     
I learned things about manta rays on this trip that I did not 
know before 
     
6.0 Appendix 
6.1 Appendix A. Post-interaction 
survey questions 
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6.2 Appendix B. Code of Conduct for Manta Ray Interaction in Ningaloo Marine 
Park. 
Source: Daw, 2009. 
CODE OF CONDUCT FOR MANTA RAY INTERACTION IN NINGALOO MARINE PARK 
1 Application 
This code of practice is to allow interaction between humans and manta rays, while protecting manta rays 
from disturbance harassment and adopting avoidance behaviour. It is the responsibility of swimmers, 
vessel skippers and dive supervisors to comply to these guidelines. 
2 Definitions 
MANTA RAY:   Means fauna of the family Mobulidae and includes Manta Sp.  
CONTACT ZONE:  Means the area within a radius of 100 metres of any manta ray 
CONTACT VESSEL:  Means any vessel, within a manta ray contact zone; 
MAKING WAY:   Means a vessel under motorised power 
CRITICAL HABITAT: Are cleaning stations at Bateman Bay and Point Maud 
MATING TRAIN: Means groups of males competing for female mantas that make 
aggregations of over 2 mantas 
3 Limit on the number of vessels in or near a contact zone 
A vessel is deemed in contact when it is the first vessel to come within 100m of a manta ray. 
If a vessel is in contact with a manta ray zone all other vessels shall maintain a distance of at least 100 
meters from the contact vessel. 
A vessel shall not enter a contact zone if another vessel is in the contact zone unless transferring contact in 
accordance with part 10 of this code of practice. 
4 Limit the period of time in the contact zone 
A contact vessel shall not remain in the same contact zone for longer than 60 minutes. 
The contact vessel shall not remain in a contact zone for longer than 30 minutes if another vessel is waiting 
to enter the contact zone. 
5 Limit on vessel speed in contact zone  
A contact vessel shall not exceed 8 knots within in a contact zone (100m of a manta ray). 
A contact vessel shall not exceed 5 knots within 30m of a manta ray. 
A contact vessel shall not make way within 15m of a manta ray. 
6 Limited proximity of contact vessel to manta ray 
A vessel making way should at all times maintain a distance of at least 15 meters from the nearest manta 
ray. 
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Any vessel should avoid making way across the path of manta rays at all times. 
The above does not apply should a manta ray approach a contact vessel that is not making way. 
7 Direction of approach 
A vessel shall not approach within a 60° arc to the rear of a manta rays direction of travel or interfere with 
the manta rays natural behaviour. 
8 Proximity of swimmers or divers to manta rays 
Persons in a contact zone shall at all times maintain a distance of at least 2 meters from the manta ray, and 
shall, 
Minimise movement whilst in close proximity to a manta ray, 
Not approach a manta ray head-on, 
Not block the path of an approaching manta ray, 
Not touch or attempt to touch a Manta ray. 
9 Limit of number of swimmers or diver in proximity to manta rays 
The number of persons in the water within 15m a manta ray at any one time is recommended to be limited 
to 7passengers, but shall not exceed 10 passengers and two dive supervisor/spotter (12 persons in total) at 
all times. 
A second group of 10 passengers and 2 dive supervisor/spotter (12 persons in total) may be deployed by 
the in contact vessel. 
At no time shall a vessel have more than two groups or twenty passengers in the water at any one time. 
At no time can two groups of swimmers both be within 30m of a manta ray or each other. 
If the number of manta rays within the exclusive contact zone exceeds two individuals, then a second group 
from the contact vessel may enter the water but at no time should there be more than 20 passengers in the 
water within 30m of any manta ray. 
10 Contact transfer 
A vessel may enter a contact zone only if invited by the in contact vessel via VHF or UHF radio subject to the 
following conditions 
The in contact vessel may not deploy swimmers after inviting another vessel into the contact zone. The 
vessel originally in contact shall exit the contact zone within 15 minutes of inviting another vessel into the 
zone.  
For the purposes of group changes or convergence of separate interactions, at no time should there be 
more than 20 passengers and 4 swimmers in the water within 30metres of any manta ray. 
11 Convergence of multiple interactions 
When two vessels in contact with manta rays converge, swimmers from both vessels shall be withdrawn 
from the water until the manta rays diverge and are 100m apart.  
One spotter swimmer from each vessel may however continue to track each manta ray during the 
convergence. 
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12 Limit of persons on manta ray tour 
No more than 20 passengers shall be carried on a manta ray tour or by a vessel engaged in manta tour 
No more than one tour per day shall operate under a Commercial Tour Operation license 
13 Restriction of activities at critical habitats (cleaning stations) 
A vessel shall not be located within 30m of the Point Maud or Bateman critical habitats located at 
coordinates or other locations, as may be advised by the Exmouth District Manager from time to time. 
A skipper of a vessel shall ensure that a swimmer deployed from their vessel does not dive below the 
surface within 30m of a critical habitat location. 
A person shall not use any breathing aid such as SCUBA or Surface Supplied Air within 30m of a cleaning 
station 
14 Mating aggregations 
No person may enter the water or be within 30m of any manta ray when a manta ray is being followed by 
two or more manta rays. 
No person may enter the water when two manta rays are engaged in courting or mating activity.  
15 Motorized swimming or diving aids, and other aids, is discouraged 
A person shall not without Lawful Authority use a submersible motorised or otherwise powered swimming 
or diving aid in a contact zone. 
16 Manta rays are a protected species in Ningaloo Marine Park 
A person must not touch or ride on, or attempt to touch or ride on, capture, disturb, molest or take in any 
other way, a manta ray unless it is lawful for that person to do so under the Fish Resources Management 
Act 1994; CALM Act 1984, or the Wildlife Conservation Act 1950. 
17 Wild Fauna Caution 
Manta rays are wild animals which are normally gentle but are capable of inflicting serious injury 
particularly if harassed or distressed. Please exercise care in natural environments. 
 
For further information, please contact the Wildlife Officer Marine at Department of Environment and 
Conservation Exmouth Office on 9947 8000. 
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6.3 Appendix C. Tour operator pre-interaction briefing script  
Prior to any manta ray interaction, participants were given a briefing by the skipper of the vessel 
which included a basic description of the biology, ecology and behaviour of manta rays found at 
Ningaloo Reef, safety instructions, and guidelines to follow during the interaction. These 
guidelines included: 
• Sit and slide in when entering the water to keep splashing to a minimum 
• Stay at least 2 m away from the manta ray at all times 
• Do not touch, or attempt to touch the manta ray 
• Do not approach a manta ray head on, or block the path of a manta ray 
• Follow the instructions of the lead swimmer, and do not overtake him/her 
• Attempt to form a horse-shoe shape behind and to the side of the manta ray, and do 
not swim in-front of the manta ray at any time 
• No free-diving down towards the manta ray unless the lead swimmer has indicated 
that it is okay to do so, and if so, only dive one at a time behind and to the side of the 
manta 
• If the manta ray is barrel rolling, stay as flat as possible on the surface and keep 2 m 
away from the manta. 
 
 
 
